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Here's interesting an 
helpful data on the latest B&W 
central-station boiler installations 
throughout the nation. 


Current boiler designs are iz 
presented in detailed drawings, = 
with capacities, pressures, tempera- 
tures, firing methods, and other pertinent information conyeniently tabulated. 

Twenty years of boiler and furnace development is traced from the carly use 
of partial water-cooling of refractory furnaces to the B&W performance standards of 
today. It includes applications to boilers used for the comparatively short transition 
period when topping became economically desirable and boilers were designed to fit in 
available space in existing buildings. Examples show how standardization has 
been accomplished in the smaller boiler unit designs, and indicate a trend to 
standardization in units of the larger capacities. 

B&W is ready at any time to apply the diversified experience typified in this 
booklet to the solution of your specific steam power problems. In the meantime, vour 
copy of “Central-Station Boilers” is waiting for you, simply ask for Bulletin G- 10. 
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Engineering History 


PEOPLE whose way of life is based on an industria] 

economy should find interest and inspiration in 
the history of science and engineering. We in this 
country live under such an economy. As years go on it 
becomes increasingly impossible to omit these two pow- 
erful factors from consideration in a complete record of 
the times or in appraisals of causes and trends which 
trace important historical patterns. The great inven- 
tions, for example, can be singled out, in many cases, as 
marking the turning points, not only in customs and 
ways of life, but in the destinies of nations. 

In addition to the history of inventions and their in- 
fluence there are other themes which provide opportuni- 
ties for the historians of engineering in its broad sense 
to exercise their talents. The great discoveries of science 
furnish a similar theme and have been used with success 
for the inspiration of future generations and as means of 
affording perspective and understanding of the effects 
such discoveries have on our lives. A few outstanding 
examples of the history of individual enterprises and 
corporations also exist. Although not many business 
organizations in this country have reached the century 
mark in point of age, some that have done so have com- 
memorated the event by getting together a record of 
their fruitful years. Generally with an eye cocked to- 
ward publicity rather than unbiased history, the writers 
of these contributions are nevertheless to be commended 
for what they have placed on the record, for without 
them nothing would probably be attempted. Histories 
of industries, of engineering developments, of institu- 
tions, such as the engineering societies, for example, 
provide other channels through which the past may be 
brought into the stream of the living present, with an 
increase in the appreciation of the engineers of our times 
of the heritage they possess and, to the thoughtful, a 
perception of the forces that are at work in society today 
as manifestations of underlying principles fit for their 
guidance. 

Another means of education and inspiration is biog- 
raphy. Here human interest can be intensified, for in the 
life of another man the engineer can sense the struggles, 
the endurances, and the triumphs or disappointments 
that, although they differ in time, in detail, and in de- 
gree from those that are his own experiences, are never- 
theless of a similar nature. In this field The American 
Society of Mechanical Engineers has made contributions 
through its Biography Advisory Committee, through 
whose efforts the lives of some of its honored members 


have been recorded in a series of biographies. This com- 
mittee, relatively inactive during the war, is resuming 
its task and is reorganizing its personnel and program. 
It needs help and the sympathetic interest of engineers in 
its work, and it hopes to keep alive interest in this field 
of literature for the benefit of present and future genera- 
tions of engineers. 

History may be as old as recorded time or as young as 
yesterday. The passage of time affords perspective and 
exercise of historical judgment. But the historian 
must have the facts before he can exercise the skill of 
his craft and the intelligence of his judgment in ap- 
praisal. It is in providing the source material of facts 
that the engineer who may not have the ability to write 
history can be of service.. He can add his bit to the 
material which some other person may attempt to as- 
semble and he can even try his hand at writing about 
events of which he has personal knowledge. Little of it 
may be of real value to the historian, but knowledge 
which dies with the few who possess it is lost forever. 

Most engineers are modest men. To most of us life 
seems humdrum enough even when we are in the midst 
of great events. But as the years go by and we look back 
at them the thread of some development can be recog- 
nized running throughout the fabric of the past in a 
strong or feeble pattern. In the hours of quiet contem- 
plation that may follow the discovery of this pattern the 
engineer should be inspired to record what he sees, the 
events he remembers, the matters to which perspective 
has given significance. Out of such material have the 
great autobiographies been written. 

One other form of writing awaits development—the 
engineering novel. Engineering is too modern a mode 
of life to have inspired much writing in the form of the 
novel. War, politics, the church, agriculture, adven- 
ture, the sea, the city, the wilderness are old and familiar 
environments. They have provided the setting, the in- 
fluences, the challenge to success or failure in human life 
which are the materials the novelist uses. Someday 
engineering will provide the background for the great 
American novel. When that day comes the public will 
begin to understand the engineer. 


Demilitarizing Japan 


N May 14 it was announced that, at the request of 

the U. S. Departments of War and State, the 
National Engineers Committee of the Engineers Joint 
Council was preparing a suggested program to eliminate 
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the industrial war potential of Japan. The Committee's 
report, which will embody a suggested program based 
on engineering, industrial, and economic factors, is ex- 
pected to be completed early in June. 

It will be recalled that a similar report on the perma- 
nent demilitarization of Germany was submitted by the 
Committee in September, 1945, and was recently ac- 
cepted and announced by the Allied Control Council in 
Berlin. A résumé of the 1945 report on Germany ap- 
peared in the November, 1945, issue of MEcHANICAL 
ENGINEERING, pages 754-756. It is probable that the 
report on Japan with its plans for curbing the war po- 
tential of Japan will follow similar lines. 

In making the announcement Col. Carlton S. Proctor, 
chairman of the National Engineers Committee, said 
that the German plan ‘‘rigidly restricts or entirely pro- 
hibits German industry adaptable for war purposes, but 
curbs are selective in order to provide for the normal 
requirements of the country’s peacetime economy and to 
avoid a disastrous economic vacuum. The plan now 
being developed to render Japan militarily impotent is 
based on the same principles,’’ he added. ‘“‘It is impos- 
sible to forecast as yet, until all the reports of the task 
committees are submitted and analyzed, the exact ex- 
tent to which Japan should be industrially restricted or 
in precisely what respects. . Her situation is somewhat 
different from that of Germany. But the program is ex- 
pected to include complete prohibition of such war- 
making potential as warships, planes, munitions, certain 
heavy industries, and limiting others, but at the same 
time encouraging recovery of Japan's normal economy by 
not curtailing capacity in peaceful occupation.”’ 

Under the National Engineers Committee are sixteen 
working committees composed of American engineering 
and technological specialists in their respective fields, 
all of them highly placed in American industry. They 
are co-operating in the preparation of the report. The 
program to be evolved will deal with the limitation of 
metal products, chemicals, power, mineral resources, 
and other elements of warmaking potential. The study 
is under the direction of Colonel Proctor, Harry S. 
Rogers, president, The Polytechnic Institute of Brook- 
lyn, and Sidney D. Kirkpatrick, of the McGraw-Hill 
Publications. 

In making the announcement about the forthcoming 
report on Japan, Colonel Proctor took the occasion to 
review the acceptance of the National Engineers Com- 
mittee program for Germany. This program, he said, 
was originally submitted to Washington and to the 
United States Military Government for Germany. Its 
recommendations proved acceptable not only to the 
American group but also to Russia, Great Britain, and 
France, and the plan promulgated by the Allied Control 
Council on March 28, giving effect to the Big Three de- 
cision at Potsdam last summer, is backed by all four 
nations. The Allied Control Council also has approved 
recently a law providing for continuing control of scien- 
tific research in Germany in order to prevent its utiliza- 
tion for purposes of aggression and to direct permitted 
research along peaceful lines. The Committee based its 
recommendations for Germany on carefully gathered en- 
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gineering data and economic and industrial statistics, but 
it left the determination of the specific methods of con- 
trol to the authorities charged with that function. It 
will follow the same principle in connection with Japan, 
Colonel Proctor announced. 

It is a source of satisfaction to all engineers that mem- 
bers of their profession have been able to bring their 
knowledge and intelligence to bear on a complex but 
vital problem with the result that a program for the dis- 
armament of the aggressor nations has been formulated 
and, in the case of Germany at least, has been accepted 
and backed by the four nations most intimately involved. 
With such a precedent little doubt remains that the 
proposals in respect to Japan will be similarly accepted. 

Referring to the public service that American engineers 
have been able to perform in the formulation of the pro- 
gram, Colonel Proctor said: ‘“The engineering profession 
in the United States has welcomed the opportunity for 
public service in the industrial disarmament of aggressor 
states by making recommendations wholly nonpolitical 
in their nature and based solely on the experience and 
judgment of top-ranking men in engineering and industry. 
We have been informed that weight was attached to the 
program proposed by the Committee because of the non- 
political nature of its recommendations and their solid 
basis of technological, engineering, and industrial ex- 
perience. We venture to hope that the report as to Japan 
may be similarly received."’ 

It is interesting to speculate whether, without the ex- 
istence of five national engineering societies whose 
officers had formed the habit of close association and 
joint participation in projects of common interest, a pro- 
gram by engineers would have been attempted or would 
have received respectful consideration by persons in 
authority. The five presidents who initiated and carried 
through the original project, under the leadership of 
Malcolm Pirnie and R. M. Gates, acted as individuals in 
one respect. Asa result of their initiative and the favora- 
ble comment which followed publication in the press 
of their joint letter to the Secretary of State outlining a 
proposal, the Engineers Joint Council organized the 
National Engineers’ Committee, which formulated the 
plan for Germany and is now at worx on the plan for 
Japan. Thus has been demonstrated one way in which 
the engineering profession has, through a small group of 
qualified persons, exerted a powerful public influence. 
The question was one which could not be submitted in 
advance for the individual opinion of the 85,000 engi- 
neers who makeup the memberships of the societies of 
which these five men were the then presidents in office. 
These men accepted the possibility that a rebuff to their 
proposal or adverse public criticism of it would subject 
them to individual condemnation and complaint. What 
more strongly appealed to them was an opportunity for 
public service, the success of which would bring credit 
to the engineering profession. Their faith in the sound- 
ness of their program has been justified to date. The 
administration of their program is not in their hands. 

It is interesting also to speculate what a similar group 
of engineers might do in formulating a plan for industrial 
peace and progress in the United States. 











EDUCATION and ATOMIC POWER 


Implications in Student Training of Utilixing Atomic Energy 


By W. G. POLLARD 


UNIVERSIVY OF TENNESSEE, KNOXVILLE, TENN 


HE advent of atomic power has been anticipated in a 
vague sort of way for some time. However, the atomic 

bomb and the special technological effort leading to its 
development were entirely unexpected, and the information 
concerning its existence was received by the world with sur- 
Atomic energy as a general hazy sort of 


prise and shock. 
Miscellaneous 


possibility has been with us for a long time 
references had been made to it in odd places here and there dur- 
ing those balmy days before the war. There were statements, 
for example, about running. a battleship halfway around 
the world ona glassful of water or a bag of sand. Thus the 
broad notion that man would someday succeed in unleashing 
the energy locked in the atom is not new. For many years a 
variety of remarkable achievements in this field have been re 
ported in lurid detail in the science fiction magazines. 

Now that atomic energy has become an actuality and must 
be reckoned with by practical men, we hark back to these remi- 
niscences of the pre-Hiroshima era and wonder what new mar- 
vels are in store for us. A development of whose possibilities 
we were vagucly aware, but which did not seem to concern us 
in any practical way, is now upon us. We have a feeling that 
this is only the beginning in a vast new ficld of technology 
whose development will profoundly alter our civilization 
This notion forces us to try to formulate some idea of the direc- 
tion which these developments are likely to take so as to make 
the best preparation possible for them. This brings us to the 
problem of education and the modifications in technical train- 
ing which the situation may be expected to demand. 

There are many ways in which we can view this matter of 
educational implications of the practical achievement of large- 
scale release of atomic energy. The foremost of these is per- 
haps the matter of estimating the technical restrictions on de- 
velopments in this ficld. Will the developments be confined, 
for example, to such strange materials as uranium and pluto- 
nium, or may we look for new processes extending it to more 
common substances like the sand of the early prophets? An- 
other and more pressing aspect concerns the specific additions 
to the basic quota of engineering knowledge which are required 
by the developments already in operation. In some respects 
these are considerable but in other ways we find much that is 
familiar and fundamental to standard engineering education 
which merely reappears under a new guise. 

Beyond these considerations which primarily concern the 
teaching and practice of engineering, there are broader aspects 
which are of vital importance to education in general. One 
of the most important of these has nothing to do with atomic 
energy as such but arises from the special way in which it was 
developed as a wartime measure. This development was made 
possible by an intimate, successful, and working co-operation 
between university and industrial personnel on a scale which 
had never been attempted before. The feasibility, advantages, 
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and efficiency of this new technique of industrial development 


have been cited often during recent months. Important 
changes for both education and industry may be expected to 
arise from it 

Then finally there is the problem of the bomb itself. Through 
it our whole civilization, our homes, our industries, our cities, 
are terribly threatened. This problem so far overshadows in 
its vital importance the other questions which we have raised 
that it must be set above all other considerations of the im- 


plications of atomic energy for mankind. 


LIMITATLONS ON FUTURE DEVELOPMENT 


Let us then consider the developments which the future may 
reasonably be expected to produce on a practical scale in the 
field of atomic energy. The early statements on this subject to 
which we have referred concerned the release of this energy 
from such common materials as water and sand. As such 
they seemed very attractive. It is therefore somewhat dis- 
appointing to have the actual deve!upment confined to such a 
rare and uncompromising element as uranium. Still, this is 
only the beginning. Surely all of our past technological ex- 
perience allows us to foresee the development of new processes 
leading to energy releases from more common materials. 

In order to render judgment on this expectation and to pre- 
pare the way for the other questions which we wish to ex- 
amine, it is necessary to consider first the nature of this new 
form of energy and to compare it with the more familiar chemi- 
cal energy. Chemical energy is available because the atoms of 
the chemical elements exert forces, i.c., the chemical valence 
forces, on each other, and these forces do work when the atoms 
combine under their action. In like manner atomic energy arises 
because the elements of atomic nuclei, that is, particles called 
neutrons and protons, exert forces on each other which can do 
work when these particles combine under their action. The 
energy releases from nuclear reactions are much greater than 
those from chemical reactions because the nuclear forces between 
neutrons and protons are enormously greater than the electrical 
exchange forces between electrons in different atoms which 
produce the chemical valence forces 


Chemical Reactions. All chemical energy arises from the fact 
that some arrangements of the chemical elements are more 
tightly bound than others. When we produce a rearrange- 
ment in the association of the atoms in one or more molecules 
to form new arrangements in different molecules, we call the 
process a chemical reaction. If the new arrangement is more 
tightly bound together than the original, the reaction is said 
to be “‘exothermic,’’ and it can be used as a source of energy 
for a power plant. If the new arrangement has a higher po- 
tential energy than the old, energy must be supplied in order to 
produce it, and the reaction is said to be “‘endothermic.’’ In 
the combustion of coal, carbon atoms are drawn by strong forces 
toward the mid-point between the 2 oxygen atoms in an oxygen 
molecule. In those collisions in which the work done in this 
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interaction can be transferred to other molecules, the carbon 
atom is captured in this position, and the result is a molecule 
of carbon dioxide. The reaction is exothermic and the energy 
released is called the heat of combustion. 

The science of chemistry, on which an understanding of 
chemical energy is based, may be described as the study of the 
associations of elementary pieces called atoms into various 
stable groupings called molecules. These associations are 
possible because atoms exert forces on each other. These 
forces are represented by the lines or bonds which the chemist 
uses when he draws his familiar diagrams of molecules. 


Nuclear Reactions. In like manner, the science of nucleaf 
physics may be described as the study of the associations of 
elementary pieces called neutrons and protons into various 
groupings called atomic nuclei. However, where the chemist 
has 92 elements with which to form molecular groups, the 
physicist has only two with which to form nuclear groups. 
Moreover, there are nuclear reactions called beta radioactivi- 
ties in which either one of the two elements can be converted 
into the other so that in a sense there is only one element in- 
volved. A change of one of the 92 chemical elements into 
another is not, however, a chemical reaction, so that this pe- 
culiarity does not arise in chemistry. Such a change is, in 
fact, a nuclear reaction. 

Just as a chemical reaction is one in which a rearrangement 
of the atomic groupings in some molecules takes place to form 
new groupings in other molecules, so a nuclear reaction is one 
in which a rearrangement of the neutrons and protons in 
some atomic nuclei takes place to form new groupings into other 
atomic nuclei. Thus in general a nuclear reaction changes 
one or more of the elements or atoms of chemistry into one or 
more other elements. For this reason it is often called a 
“‘transmutation,”’ and nuclear physics is sometimes spoken 
of as the science of transmutation ot the elements. 

However, chemical properties depend on the number and 
arrangement of electrons moving around the central nucleus, 
and this number is in turn determined only by the number of 
protons in the nucleus. Some nuclear reactions consist only 
in adding to a nucleus or taking away from it one or more 
neutrons. These reactions do not produce a different chemi- 
cal element but only a new grouping called an isotope of the same 
element. There are different stable isotopes existing naturally 
for nearly all of the 92 chemical elements. Two isotopes of the 
same element have different atomic weights but their chemical 
properties are almost identical. Nevertheless, from the stand- 
point of nuclear physics, they are as distinct and different as 
different molecules are for a chemist. 

In a ‘‘nuclear molecule’ or nucleus the number of neutrons is 
just as important as the number of protons. A chemical atom 
of hydrogen may be formed around a nucleus consisting of a 
single proton, of a proton and neutron bound together as a 
deuteron, or even of an association of a proton with two neu- 
trons called tritium. All of these atoms are hydrogen for the 
chemist and they differ only in having atomic weights of 1, 2, 
and 3, respectively. In nuclear reactions, however, these 
three isotopes are as different as, say, elementary carbon, carbon 
monoxide, and carbon dioxide are in chemical reactions. 

Now there are many details about associations of neutrons 
and protons into atomic nuclei which are not yet very well 
understood and toward which future research will be directed. 
But the general rules for these associations and the types of 
nuclear reactions which can occur are fairly well known. 
From the standpoint of the utilization of atomic energy as a 
practical source of power, our present knowledge seems ade- 
quate, provided we define “atomic energy’’ as arising solcly 
from differences in nuclear binding energies in the same way 
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that chemical energy arises from differences in molecular bind- 
ing energies. This knowledge leads us to conclude (1) that 
no nuclear reactions based on any elements except those at 
the end of the periodic table are likely to form the basis of 
practical atomic power plants, and (2) that this restriction 
does not apply to future atomic bomb technology. 

This conclusion is clearly a very important one for the en- 
gineer and educator alike in laying plans for the technical train- 
ing of the oncoming generation. It is the kind of sweeping 
generalization which is often associated with unimaginative 
thinking and overconservatism and might well be discounted at 
the outset as an ill-considered concept, the limitations of which 
will eventually be revealed by new technological develop- 
ments. The statement calls therefore for a careful examina- 
tion. 

We may classify nuclear reactions, for the purpose of this 
discussion, into two groups. In the first group we place those 
reactions in which both reacting nuclei contain one or more 
protons and thus are isotopes of known chemical elements. 
In the second group we put all nuclear reactions in which one of 
the reactants is a neutron. The reason for this classification 
will be clear shortly. 

All reactions in the first group involve bringing together two 
or more nuclei, each of which bears a positive electrical charge 
Most readers will recall demonstrations in elementary physics 
in which two pith balls suspended by silk threads are pushed 
strongly apart when they are charged by contact with an 
electrified object. Or perhaps the divergence of the two leaves 
of an electroscope which has become charged will be remem- 
bered. In all reactions in this group the same type of electrical 
action is involved. The two reacting particles repel each other 
increasingly the closer they are brougMt together. The nu- 
clear forces which are responsible for holding atomic nuclei 
together are very short-range and do not begin to act until the 
two parts have been brought very close indeed. 

In the laboratory we succeed in producing such close en- 
counters only by building large and costly devices such as elec- 
trostatic generators, cyclotrons, and beratrons. With them 
we are able to accelerate particles of one of the two reactants to 
a very high velocity so that they can be projected toward a 
target containing the other with so much energy that they are 
not completely stopped by this electrical repulsion before they 
have come close enough for the nuclear forces to act and pull the 
two parts together. The tremendous energies released by 
the action of those forces can then and only then be transferred 
to new fragments which form the products of the nuclear re 
action, 


Possible Nuclear Reactants. If we could find a way to bring 
the reactants close enough together to allow the nuclear forces 
to act, there are a variety of light elements which could be used 
as excellent and efficient sources of atomic power. A few will 
be cited as examples of what is possible. Heavy hydrogen or 
deuterium can be reacted to form ordinary hydrogen, neutrons, 
and hydrogen and helium isotopes of atomic weight 3. The 
energy release from this reaction is 11,000,000 kwhr per Ib of 
deuterium reacted. Ordinary hydrogen and the element lith 
ium can be reacted to form helium. Both isotopes of atomic 
weight 6 and 7 can be used, and the energy available from the 
more abundant one is 30,000,000 kwhr per Ib of lithium burned 
The more abundant isotope of boron of atomic weight 11 can 
be burned with ordinary hydrogen into helium with an energy 
release of 9,500,000 kwhr per Ib of boron. Nitrogen can be re 
acted with heavy hydrogen to release 11,500,000 kwhr per Ib 
of nitrogen. These are sizable energy releases and they sug- 
gest an important role for these not too uncommon materials 
as future sources of power. 
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Neglecting considerations of thermal efficiency, any of these 
reactions could be used to operate a 50,000-kw power plant ona 
continuous basis with a fuel consumption of about | Ib per 
week. Not only is this entirely possible but a vast number of 
power plants of this type are at present in continuous operation 
throughout the universe. These are the familiar stars, includ- 
ing our own sun. In the majority of these hydrogen is burned 
to helium by means of a complex closed chain of reactions in 
volving carbon and nitrogen as catalysts. There are doubtless 
some stars, however, in which elements like deuterium, lith- 
ium, beryllium, and boron are consumed with hydrogen to form 
helium. Why then are we forced to reject these attractive 
fuels as possiblities for future technical development? 

Atomic-Energy Release in Nature. The reason is to be found in 
the action of the repulsive force between the positive electrical 
charges on the protons included in each member of the reacting 
pair. In the laboratory we bring the reactants together by 
accelerating one of them to a very high velocity in a high- 
voltage machine. In the central core of a star this is accom- 
plished by mixing the reactants at a temperature of between 
5,000,000 and 60,000,000 deg F, and a high density of be- 
tween 400 and 5000 lb per cu ft. The high temperature means 
a high velocity of thermal agitation for the individual nuclei so 
that a few of the collisions between them take place at a suf- 
ficiently high relative velocity to permit the nuclear reaction to 
occur. The enormous pressure produced by the great weight of 
the outer portion of the star holds the reactants together in this 
hot core at a high density so that such collisions occur with 
sufficient frequency to produce a reasonable reaction rate. Each 
reaction results in products of very high kinetic energy together 
with beta and gamma radiations in some cases. This serves to 
maintain the temperature in the core at the necessary high level 
An equilibrium is attained at which the nuclear reactions occur 
uniformly and energy flows out from the core at a steady rate 
to be eventually radiated from the surface layers. 


Minimum Requirements. For the practical operation of such a 
nuclear fire here on the earth we may set as a minimum require- 
ment a temperature of at least 1,000,000 deg F, and a pressure of 
several million atmospheres. These requirements are based 
upon the simple fact that all atoms have positively charged 
nuclei, and thus no special or devious technical development 
which by-passes them can be expected. 

The problem is essentially one of activation energy. 
to burn coal or gasoline it is first necessary to produce a local 
temperature high enough to give the reactants sufficient ki- 
Netic energy to penetrate a barrier which prevents the formation 
of the new bonds. Once this temperature is produced, the 
energy released raises the temperature of the surrounding re- 
actants and the reaction spreads rapidly throughout the com- 
bustible mixture. If a temperature of a million degrees could 
be produced locally in deuterium gas or a mixture of lithium 
and hydrogen, a similar ignition would occur and the reaction 
would spread. An enormous pressure would, however, be 
required to hold the reactants together at such a temperature. 
It is clear that such reactions are almost surely beyond the reach 
of human application regardless of our future technical in- 
genuity. 


In order 


Reactions Involving Neutrons. We turn then to the other class 
of nuclear reactions, namely, those involving neutrons as 
one of the reactants. Since the neutron has no electrical charge 
we no longer have the troublesome problem of overcoming the 
repulsive electrical forces opposing the reaction. This im- 
mediately eliminates the severe limitations which we have 
Just imposed on the first group of reactions. A number of nu- 
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clear reactions involving neutrons go readily at normal tem- 
peratures and pressures. These reactions involve no activa- 
tion energy when they are exothermic and thus suitable for a 
source of atomic power. They are, however, subject to a to- 
tally different limitation which is almost as serious as the one 
applicable to the other class. This is simply that neutrons do 
not anywhere exist as such in nature. With the exception of a 
negligible number in cosmic rays, they are all to be found cap- 
tured in atomic nuclei from which they can be removed only 
with the expenditure of considerable energy. Thus we are 
faced with a difficult dilemma. Materials for the first class of 
reactions are abundant but the conditions required to make 
them go are prohibitive. For the second class the conditions 
of operation are ideal for a practical atomic power plant but 
the essential material for them is nonexistent as a natural sub- 
Stance 

Fortunately, there is one type of reaction which is capable 
of producing neutrons in abundance and this makes atomic 
energy a practical possibility. But before we discuss it let us 
consider first the general character of this class. Neutrons are 
uncharged and have no outside electrons. As a result they do 
not participate in any of the usual chemical interactions. A 
neutron gas will flow into and permeate any solid or liquid 
material to any desired concentration. By maintaining a neu- 
tron gas at a suitable partial pressure in a block of lithium, the 
isotope of atomic weight 6 in it can be burned at a controlled 
rate into helium and tritium with an output of 9,000,000 kwhr 
per lb of lithium consumed. The reaction rate is controlled by 
controlling the partial pressure of the neutron gas in the block 
This should be about 10~ Ib per sq in. for a reasonable power 
level. In like manner a block of boron would give 3,500,000 
kwhr per lb of boron-10 consumed; a tank of nitrogen gas 
would give over 500,000 kwhr per Ib; and a block of uranium 
some 10,000,000 kwhr per Ib of the isotope 235 consumed. 


Fission Reaction. The one reaction capable of maintaining a 
sustained source of neutrons is the fission reaction. Ina light 
nucleus the repulsion between the protons due to their elec- 
trical charge, although very strong by molecular standards, is 
yet only a negligible part of the intense nuclear forces binding 
the particles together. In a heavy nucleus near the top of the 
periodic table there are, however, so many protons that their 
repulsion becomes comparable to the nuclear cohesive force. 
As a result, a relatively small disturbance of the nucleus can 
upset the equilibrium so that the nucleus divides into two pieces 
which are quickly pushed beyond the range of the nuclear 
forces. Under the great force of repulsion between the large 
positive charge on each, the two fragments then fly apart with 
enormous kinetic energies. The heat generated in slowing 
down and stopping them is the major source of energy in a 
uranium power plant. 

In light elements the number of neutrons is about equal to 
the number of protons so that the atomic weight is roughly 
twice the atomic number. But in heavy nuclei the electrical 
repulsion between the protons is so great that neutrons become 
preferred. The number of neutrons is considerably greater 
than the number of protons so that the atomic weight is con- 
siderably more than twice the atomic number. Thus it hap- 
pens that the fragments from a fission have considerably more 
neutrons and thus larger atomic weight than their stable 
counterparts of the same atomic number in the periodic table. 
The excess is in fact so great that a few single neutrons drop off 
in the process of splitting. The fission reaction produces ex- 
tra free neutrons which can be used either to produce new fis- 
sions or other reactions using neutrons. It is the one known 
natural source of free neutrons and it does not seem likely 
that a different source not involving fission will be found. 
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Since only nuclei near the limit of stability at the end of the 
periodic table will undergo fission under slight deformations 
involving only a small energy input, we have strong grounds 
for the belief that the atomic power plants of the future will be 
dependent upon fissionable isotopes of these elements. 

At this point it is well to take note of the fact that nuclear 
binding energies do not exhaust the energy sources within the 
experience of the nuclear physicist. The most efficient of 
those which do not depend on nuclear structure is the reac- 
tion in which matter is completely annihilated to produce 
energy. Such a reaction has an energy output of 11,000 million 
kwhr per Ib of matter annihilated. These reactions have been 
observed with electrons and a new particle, known as the 
‘*meson,"’ apparently undergoes a nearly complete annihilation 
reaction spontaneously. But we know little of these reactions 
and no reliable predictions can be made about them. How- 
ever, particles with enormous energies are arriving continu- 
ally at the earth from outer space in the form of cosmic rays 
and there are stars, called supernova, which undergo incredibly 
violent explosions. In both of these cases the source of the 
energy cannot be a nuclear reaction so that we have some evi- 
dence that essentially different and still more violent reactions 
can occur in nature spontancously. 


IMPLICATIONS OF PRESENT TECHNICAL 
DEVELOPMENTS 


EDUCATIONAL 


We come now to the second major consideration for future 
technical training in this field. Having eliminated all nu- 
clear reactions except those involving neutrons as practical 
energy sources and having further restricted the field to fission 
reactions as the only practical source of neutrons for them, we 
are ready to examine the immediate technical requirements 
for the design and operation of a fission-reacting power 
plant. 

A fission reactor consists of lumps of uranium or other fissiona- 
ble material arranged in a regular way in space to form a 
lattice. The intervening space is filled with a material called 
a ‘‘moderator’’ which satisfies two requirements: (1) It con- 
tains light nuclei which can gain energy from fast-moving 
neutrons which collide with them so as to slow the neutrons 
down. (2) It will not appreciably absorb neutrons once they 
have been slowed down. Such a unit is calleda ‘‘pile.’’ Suita- 
ble moderators are deuterium, in the form of heavy water, 
beryllium, or carbon. Fast neutrons from the fissions occurring 
in the uranium metal enter the moderator around it where they 
are slowed down. They then drift back into the metal where 
they produce more fissions. A closed cycle is obtained and 
the reaction can be operated continuously at a fixed power level 
by controlling the neutron density or partial pressure in it. 

A pile can be made from a large block of graphite or beryl- 
lium in which regularly spaced parallel holes are drilled. 
Smaller uranium rods are centered in these holes and some cool- 
ant such as air, water, or a molten metal is circulated in the 
annular space between them. The fission fragmentsare stopped, 
for the most part, in the metal rod where they are pro- 
duced. This results in an intense heating of the rod so that 
arrangements must be made for efficient heat transfer from the 
rods to the coolant. It is possible to heat the coolant to any 
desired temperature because the fission fragments are liberated 
in the metal at a temperature of many millions of degrees 
Fahrenheit. The hot coolant will be radioactive on leaving 
the pile but it can be passed through a boiler or heat exchanger 
to produce steam or mercury vapor at high pressure and then 
returned to the pile. : 

It is clear then that in so far as the utilization of energy is 
concerned, the engineer need expect no important differences 
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between ordinary and atomic power plants. The same con- 
siderations of thermal efficiency, heat transfer, and losses will 
apply equally to both cases. This should be comforting 
knowledge. 

Another important aspect of pile design and operation which 
involves familiar engineering knowledge, although to be sure 
in a new and striking way, are the heat-transfer and thermal- 
equilibrium problems involved. Throughout the body of the 
rods of fissionable material in a going pile, small amounts of 
elements like barium, krypton, iodine, yttrium, etc., are being 
generated at a temperature of some 10!? degrees. By motion 
through the metal these materials must be cooled down to the 
Operating temperature. The heat released in this cooling 
must be removed from the metal to the coolant. After com- 
ing to thermal equilibrium with the metal, these fragments 
collect the correct number of electrons to become neutral atoms 
lodged in *‘solution’’ in the metal. From then on they undergo 
a whole series of radioactive disintegrations like radium before 
reaching a stable form. Some of the radiations from thesc 
radioactive decays are gamma rays which for the most part 
are not absorbed by the metal but pass out to be absorbed in the 
moderator or in the thick radiation shield which must always 
surround the pile. Several per cent of the total output of the 
plant is in the form of such radiations and arrangements must 
be made for removing the heat resulting from its absorption 
wherever this occurs. Hence radiation transfers are impor 
tant. Here again, however, the radiation is equivalent to 
that which would be radiated from a source at a temperature of 
several thousand million degrees. 

The fast fission neutrons are produced at a steady rate in the 
metal at a temperature of some 10,000 million deg F. They 
represent a very dilute but very hot gas which diffuses out into 
the moderator where it is cooled down by mixing to the tem- 
perature of the moderator. As a cool gas it diffuses back into 
the metal where it can produce more fissions. This represents 
a true convective heat transfer. We see then that a pile is a 
system in which thermal equilibrium is being produced con 
tinually between great extremes of temperature by means of 
conductive, convective, and radioative heat transfers 

There are two respects in which the design and operation of 
atomic power plants will involve knowledge of a fundamental 
sort which is new to the engineering field. The first is ob- 
viously the whole branch of nuclear physics involving nuclear 
reactions with neutrons. The kinds of reactions which can 
occur, the energy yields from them or the energy which must 
be supplied to produce them, and the probability for the reac- 
tion under various physical conditions are all problems belong- 
ing to this field. The second concerns the nature, production, 
absorption, and scattering of radiation. This is a well-known 
field of physics but it has not generally becn included in engi- 
Neering training. Any operating atomic power plant will be 
intensely radioactive and such questions as the efficiency of 
shields for absorption of various radiations, selection of shield 
materials, novel health and safety measures, and instruments 
for measuring radiation and neutron flux densities, are involved 
in its design. 

Finally, in addition to the power plant itself, other plants 
for the production of various isotopes will be required. We 
have noted that the isotope is as important in a nuclear reac- 
tion as the molecule is in a chemical reaction. A varicty of 
special isotopes will be required for future technical develop- 
ments and these will require special plants for their produc- 
tion. Such plants operate with unit operations unfamiliar to 
present engineering practice. Thus they may be based on 
thermal diffusion columns, gas diffusion through barriers, mass 
selection of ions in a magnetic field, ultracentrifuges, or special 
chemical-exchange reactions. The engineering of such plants 
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may be expected to be an important new field for oncoming 
engineers. 


IMPLICATIONS OF UNIVERSITY-INDUSTRY CO-OPERATION 


The third point is much more elusive and very little in the 
way of precise recommendations can be developed out of it. 
At the same time it seems clear that it must be an exceedingly 
important one for the future of education and industry alike. 
The point concerns the effectiveness of the close co-operation 
between university and industrial personnel which was at- 
tained during the war in both the radar and atomic-bomb 
This co-operation was such as to constitute a really 


projects 
In the past, industrial 


new technique for production industry. 
and university research have been isolated from each other 
Fundamental discoveries made in university laboratories have 
waited many years before eventually finding their way into 
industry and direct application. The new technique developed 
during the war almost completely eliminated this gap between 
the fundamental discovery and its practical application. At 
the same time it brought the university, the industrial research 
laboratories, and scientists into such intimate contact that each 
acquired a new understanding of the special problems and 
specific contributions of the other 

The great desirability of maintaining and improving this 
successful new technique of developmental engineering can 
scarcely be questioned. It is, however, difficult to work out 
ways for its practical attainment. Nearly all of the university 
and most of the industrial contracts on which it was based 
have been closed out. Reconversion finds both groups ab- 
sorbed with pressing immediate problems. There is little 
energy or time left for developing uncertain and untried co- 
Operative arrangements, however intriguing they may be as 
ideals. 

A group of representatives of universities in the neighborhood 
of Oak Ridge, of Oak Ridge industries, of the Manhattan Engi- 
neer District, and of the T.V.A. are presently engaged in ex- 
ploring the possibilities for such co-operative arrangements at 
Oak Ridge. There are many uncertainties involved and nu- 
merous obstacles in the way, but we have high hopes for the de- 
velopment of some useful permanent arrangement. All parties 
recognize that fundamental research of interest to the com- 
panies, the universities, and the army will continue to be 
conducted at Oak Ridge. All parties can make contributions to 
this research and the best interests of the country will be served 
by maintaining the closest possible relations with the producing 
industries involved. The situation is full of good omens for 
success and all groups involved are enthusiastic about its 
chances. 

Such a movement has major implications for the atmosphere 
in which future engineering education will be accomplished 
and for the methods by which it will be carried out. These 
implications cannot be clearly seen or definitely stated yet, but 
they nevertheless can scarcely fail to be of very great impor- 
tance in the engineering preparation of the oncoming genera- 
tion 


IMPLICATIONS OF THE ATOMIC BOMB 


We come finally to the most pressing and most vital of all of 
these aspects of the implications of atomic energy. This is 
the problem of the atomic bomb. It is unquestionably the 
most vital of all problems which face our present civilization. 
In the education of the oncoming technical generation, the 
bomb and its technology are not of great importance in develop- 
ing professional competence, but the major threat which it pre- 
sents to the very possibility of an industrial and technically 
developed society places it above every specific consideration 
of engineering education. 
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The engineers and scientists of today are, in common with 
those in process of training, the only group to which the na- 
tion can look for guidance in the determination of the precise 
nature and scope of this problem of the bomb. We alone are 
in a position to form a reliable notion of the potentialities for 
the future development of this weapon. Now all that we re- 
quire for this purpose are certain broad characteristics of the 
technical problem of releasing atomic energy. We do not need 
to pass judgment on the technical feasibility of any particular 
proposal since this will in any event be left to those immediately 
engaged in bomb development. But one general and funda- 
mental observation engages our attention immediately and its 
consequences for the future of all of us are ghastly indeed. 

In discussing the technical aspects of the future of atomic 
power plants, we were able to reject as possibilities all nuclear 
reactions based entirely upon any of the naturally existing 
elements and their isotopes. Although we saw that there 
was a variety of such reactions suitable for power sources, 
the prohibitive conditions of temperature and pressure forced 
us to abandon them as possibilities for a power plant. With 
respect to the bomb, however, we are immediately struck 
by the observation that these special conditions are no longer 
limitations on technical feasibility. A bomb produces momen- 
tarily temperatures well above those required to ignite a num- 
ber of light element reactions. Its inertia permits the mainte- 
nance for a sufficient period of the high densities and enormous 
pressures required. The technica] problems involved in utiliz- 
ing such reactions need not concern us here. But the implica- 
tions of this removal of the general technical limitations on the 
utilization of light element reactions brings us face to face with 
a threat to our future existence such as man has never faced be- 
fore. 

Present-day engineers and their successors, whose education 
is the subject of our concern, are in a position to form reliable 
judgments concerning these implications. Our nontechnical 
neighbors, business associates, and friends can properly look to 
us to inform them on this vital matter. What are the possibili- 
ties for development along these lines in other countries as 
well as in our own during the next 20 years? If another war 
comes, then what of our cities, our factories, our technical 
achievements of all kinds, including our atomic power plants? 
To what end are we now considering the training of a new gen- 
eration of engineers? Will there be any industrial or technical 
civilization left in which they will have an opportunity to 
practice their profession? By giving careful and intelligent 
consideration to answers to these questions, engineers may be 
able to help the nation as a whole to avoid choosing a foreign 
policy without an adequate idea of its future consequences. 


THE U. S. Naval Technical Mission reveals that a simple, 
nondestructive method of detecting the presence of air bubbles 
between the lining and steel body of aircraft bearings has been 
developed by the Germans. 

The testing apparatus consists of a 10-megacycle oscillator of 
conventional design and a one-tube driver stage. 

Testing is accomplished by measurement of the attenuation of 
a 10-megacycle sound beam as it passes through the bearing. 
The sound beam is generated by a cross-cut quartz crystal, 
which serves as a microphone. 

The bearing to be tested is placed in a jig in such a way that 
the source of the sound is at the center of the bearing, and the 
sound beam passes through the bearing, in a radial direction. 
The bearing is then rotated slowly, while the sound passing 
through it is indicated on a meter. A sudden drop in the meter 
indication signifies the presence of an air bubble. 








FUNDAMENTALS of the 
ELLIOTT-LYSHOLM COMPRESSOR 


By W. A. WILSON' ann J. W. CROCKER? 


HEN considerations of capacity, weight, or space 

dictate the use of a centrifugal compressor in preference 

to a reciprocating machine, certain performance char- 
acteristics must be accepted which may be disadvantageous. 
The reciprocating compressor can deliver a volume in direct 
proportion to its speed and at any particular speed can work 
against any pressure up to its design limit, but the centrifugal 
machine is capable of delivering a specific pressure at only one 
speed and is limited with respect to the capacity range possible 
at that particular speed. The well-known surging phenomenon 
af centrifugal compressors is evidence of this limitation. 
Neither is centrifugal compression as economical as the recipro- 
cating process. 

To handle even larger volumes of gas and to obtain efficien- 
cies better than have been realizable in centrifugal compressors, 
the axial-flow compressor has been developed. Here again the 
compression is a unique function of speed and the range of 
capacity possible at any particular speed is even more sharply 
restricted than in the case of the centrifugal machine. 

Several rotary compressors have been developed in an effort 
to combine the attributes of the reciprocating and the cen- 
crifugal or axial-flow compressors. These have fallen into two 
broad categories: the sliding-vane type on the one hand, and 
the lobe type on the other. Vane machines share with the re- 
ciprocating compressor the disadvantage of requiring inter- 
nal lubrication of the rubbing parts, and, despite the intro- 
duction of such lubrication, the operating speeds are definitely 
limited. 

Lobe-type machines, as typified by the familiar Roots blower, 
avoid these limitations by operating with small but positive 
clearances between their air-handling parts. Heretofore, how- 
ever, the lobe-type machines have been fluid transporters rather 
thancompressors. That is, air is transported at constant volume 
from the suction side to the discharge side of the machine, and 
the pressure is elevated only by virtue of the back flow of some 
of the air already compressed into each successive charge thus 
transported. While this is of negligible importance for an in- 
compressible fluid, it is intoierable in the compression of gases 
to any appreciable pressure ratio; thus the field of application 
of the lobe-type compressor has been limited to blower in- 
staliations. 

DESCRIPTION OF NEW LOBE-TYPE MACHINE 


The Elliott-Lysholm compressor is a distinctly new lobe-type 
machine, which brings to the high-speed rotary field the ad- 
vantages of high efficiency and stability of performance nor- 
mally associated with reciprocating compressors. Fig. 1 is a 
sectional view of a 10,000-cfm Elliott-Lysholm unit. Note that 
it has essentially the same simple elements found in a Roots 
blower; however, its unique rotor design takes it out of the 
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class of air transporters and puts it into the compressor field. 
Not only do these rotors carry the air from inlet to discharge, 
they effect simultancously an adiabatic compression without 
internal lubrication. 

The geometry of these rotors is shown in Fig. 2. It is inter- 
esting to note that the male rotor has a tooth form which 
is practically 100 per cent addendum, while the female rotor is 
virtually all dedendum. The helixes are, of course, of opposite 
hand on the two rotors, and the leads are in proportion to the 
pitch diameters. 

Fig. 3 illustrates the interrelationship of these two rotors to 
produce a seal line and in rotation to transport and compress 
successive charges of air. As an aid to visualization, it should 
be noted that the seal-line pattern described in Fig. 3 pro- 
gtesses axially from the inlet toward the discharge end of the 
machine during rotation. It should also be noted that a seal 
line does not represent mechanical contact, but only close 
proximity of the co-operating parts. 

In operation, as any pair of lobes is rotated and unmeshed 

into the lower-half inlet end of the machine, a suction space is 
created behind the lobes, which, as rotation proceeds, increases 
circumferentially and axially. This corresponds to the suc- 
tion stroke of a reciprocating compressor and is completed by 
the passage of the succeeding lobe over the edge of the inlet 
port. 
As shown in Fig. 4, this port is primarily axial and is of such 
extent that it communicates with the lobe spaces so long as 
suction flow continues. There follows the complete enclosure 
of two charges of air between the casing bores and end wall, 
and the boundaries of the male and female rotor-lobe spaces 
The volume of these charges is a per-lobe displacement. The 
total displacement per revolution of the male rotor is roughly 
equal to the annulus between the male-rotoz outside diameter 
and the root diameter. 

As the enclosed charges are transported circumferentially 
toward the upper half of the casing a remeshing of the rotor 
lobes begins at the inlet end of the upper half of the unit. This 
results in an immediate reduction of the volume of the male- 
lobe space which is presently combined w.th the female-lobe 
space for continued common compression. It is of particular 
importance that each charge of air is separated from the suc- 
ceeding and preceding charges. This separation, which exists 
by virtue of the axial seal created by the rotor profiles, makes 
possible the simultancous existence of different pressures in ad- 
jacent charges of air. Herein lies the distinguishing feature of 
this compressor. 

Compression continues as rotation proceeds until the leading 
lobes pass the discharge port. At the instant this occurs, 
there exists in the combined male-and-female lobe space a 
volume which depends upon the extent to which the remeshing 
has progressed. For any particular geometry of discharge port, 
this reduced volume is a fixed proportion of the original dis- 
placement charge entrapped between the rotor lobes and the 
compressor casing. 

Corresponding to this volume ratio there is a theoretical 
pressure ratio which can be computed, using the gas laws for 
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Construction of Profile on Male Rotor 

Curve A-C is an epicycloid, generated by point 1 on female 
pitch circle, passing through point C as pitch circles roll 
together. 

Curve C-D is a true arc with radius E—center on pitch circle. 

Curve D-F is an epicycloid, generated by point 4 on female 
pitch circle, passing through point D as pitch circles roll 
together. 

F-G-H-J] form the dedendum of the male rotor. 
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Construction of Profile on Female Rotor 
Curve 1-2 is a superior epitrochoid, generated by point C at 
tip of male rotor, passing through point 1 as pitch circles 
roll together. 
Curve 2-4 is a true arc with radius 3—center on pitch circle. 
4-5-6-7 form the addendum of the female rotor. 


FIG. 2 GEOMETRY OF ROTORS IN NEW COMPRESSOR UNIT 


adiabatic compression. This ratio is termed the ‘‘built-in 
pressure ratio."’ 

When brought into communication with the discharge, the 
compressed charge equalizes its pressure with the back pressure 
imposed on the machine. Further rotation reduces the lobe 
Space to zero, accomplishing delivery. Since this sequence of 
Operations is repeated at 5000 to 16,000 times per min for a 


10,000-cfm compressor, and since both the suction and dis- 
charge processes overlap for successive lobe spaces, a virtually 
continuous flow of air results. 


PERFORMANCE OF COMPRESSOR 


The performance characteristics of these compressors have 
been established by a large number of tests performed in this 
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ROTORS 
country and abroad. These tests have covered not only a wide 
range of compressor sizes, but also various embodiments of the 
Lysholm principle with respect to rotor proportions, porting 
design, and multistage combinations. For the purposes of this 
paper the experimentally determined characteristics of three 
similar 10,000-cfm compressors have been presented in Figs. 
5, 6, and 7. These results were obtained using a torsion dyna- 
mometer tO Measure compressor power input and calibrated 
orifices to determine flow. The outstanding features apparent 
on these curves are the exceptionally broad range of operating 
conditions for which usable efficiencies prevail; the high level 
of peak efficiency (compressor A achieves an adiabatic eff- 
ciency in excess of 84 per cent); the extreme flatness of the 
volumetric-efficiency curves, indicating almost complete inde 
pendence of delivery from pressure ratio; and the complete 
absence of any discontinuity of characteristics corresponding 
to the surging phenomenon in centrifugal and axial-flow 
compressors. 

Several influences combine to produce these characteristic 
curves. They are: The effect of internal leakage; flow resistances 
in the port and lobe spaces; the relationship of axial-pressure 
ratio to built-in pressure ratio; and various parasitic drags 
It is a fortunate circumstance that the losses associated with 
these various factors have varying relationships to speed and 
pressure ratio, and they combine to produce the remarkably flat 
efficiency characteristic. In what follows, a description of this 
interaction is attempted 


LEAKAGE AND RAMMING 


Internal leakage results from the necessity of maintaining 
mechanical clearances between the rotors and the casings and 
between the rotor profiles. The pressure drop across the seal 
line induces a flow which follows the well-known relationship 
for orifices. This means that leakage flow increases as 
the pressure ratio on the compressor increases and is per- 
centually greater for the low speeds of operation than for the 
high speeds. 

The necessity for maintaining close running clearances is ade- 
quately demonstrated in Figs. 5 and 6 which give the perform- 
ance of compressors A and B, respectively. Compressor A is 
the tighter of the two units having only 67 per cent of the leak- 
age area by measurement as unit B. Both the volumetric- and 
adiabatic-efficiency characteristics reflect this difference in in- 
ternal leakage. However, if we refer to the 2500-rpm curves 
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which are directly comparable, the volumetric efficiencies of 
units A and B at pressure ratio 2 are 0.97 and 0.925, respec- 
tively, that is, the apparent leakages are 3 per cent and 7.5 
per cent, which are in the ratio 0.40, contrasted to the 0.67 
clearance ratio. This fact, taken together with the existence 
of volumetric efficiencies in excess of 100 per cent, verifies the 
presence of another factor which, in conjunction with clear- 
ance, controls volumetric efficiency. 

The term applied to this influence is inlet ‘‘ramming."’ It is 
a governable factor controlled by inlet-port design. In the 
suction process, inlet air is inhaled by the progressively en- 
larging spaces between the rotors. When displacement volume 
is achieved the inlet ports could conceivably cut off the charge 
but owing to the high axial velocity of the incoming air, an 
inertia ‘‘supercharging’’ occurs, starting at the extremity of the 
inlet chambers. At the high rate of rotor rotation, an advance 
of the port is permissible, proportional to the period required 
for the pressure wave to traverse the rotor length toward the 
inlet end of the casing. During this period inlet flow con- 
tinues and a full volume of air at higher than inlet pressure is 
entrapped. 

The dependence of ‘‘ramming"’ on speed is indicated by the 
ratios of apparent leakage of units A and B operating at 1200 
rpm and pressure ratio 2. In this case volumetric efficiency 
equals 0.835 for A and 0.760 for B. Hence the ratio of ap- 


. 0.165 
parent leakages is 0.240 ~ 0.688, which compares much more 


directly with the ratio of clearances than is the case for 2500- 
rpm operation. 

In general, leakage losses are controlling at the high pressure 
ratios, as indicated by the tendency for the adiabatic- and 
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FIG. 4 COMPRESSOR-INLET PORTING 
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volumetric-efficiency curves, to parallel each other for high- 
pressure operation. The high-percentage leakage at low 
speeds is indicated by the spread of the volumetric-efficiency 
curves 


FLUID AND MECHANICAL FRICTION 


Dynamic losses associated with induction of the air into the 
unit, transportation of the fluid, and its discharge are of 
the same nature as conduit and windage losses. Thus they are 
proportional to the weight flow of air and to the squares of its 
velocities in the various stages of being handled. These losses 
are virtually independent of pressure ratio, but they vary 
markedly with speed. This means that percentually they pre- 
dominate at the low pressure ratios where the total work done 
by the compressor and the leakage losses are comparatively 
small. At the higher pressure ratios the dynamic losses con- 
trol at high speed, and the clearance losses limit low-speed per- 
formance. 

Mechanical losses are obvious bearing, gear, and seal fric- 
tions. Being largely associated with speed, they exert sub- 


stantially the same effect on performance as do the dynamic 
losses. 


COMBINED LOSSES AND BUILT-IN PRESSURE RATIO 


From the foregoing it is seen that the absolute values of the 
leakage losses increase with increasing pressure ratio, and that 
their percentual values are inversely proportional to speed of 
operation. On the other hand, mechanical- and fluid-friction 
losses are increasing functions of speed and percentagewise vary 
inversely with pressure ratio. The combined effect of these two 
classes of losses is the overlapping characteristic performance 
curves shown in Figs. 4,5, and6. Although the general shapes 
of the efficiency curves are determined by these major factors, 
the exact position of the peak efficiency can be influenced by se- 
lection of built-in pressure ratio, Because built-in compres- 
sion is fixed for any particular compressor, there is, correspond- 
ing to each speed, an optimum pressure ratio on either side of 
which diagram or card losses exist. Thus a designer is given 
a measure of control over the compressor characteristics and is 
able to design for best performance at any particular operating 
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FIG. 7 RESULTS OF PERFORMANCE TESTS SHOWING EFFICIENCY VERSUS PRESSURE RATIO OF COMPRESSOR C; 


condition. Test results on units A and B have been presented 
to show the influence of built-in pressure ratio on performance 
characteristics. Note in Fig. 7 that the low-speed perform- 
ance of unit C surpasses that of unit A, as illustrated in Fig. 5, 
although the latter has higher peak performance at the ele- 
vated pressure ratios. Unit C has a built-in pressure ratio of 
1.85, as compared to 2.15 for unit A. 

Before leaving the subject of performance it should be noted 
that in many applications the reduced flows associated with 
slow-speed operation correspond to low pressure ratios. This 
results in operation of the unit substantially on the envelope of 
the adiabatic-efficiency curves. This circumstance exists and 
is of particular importance and value in the use of these com- 
pressors in gas-turbine application. 


DESIGN CONSIDERATIONS 


In a sense, the mechanical design of the Elliott-Lysholm 
compressor synthesizes the philosophies of turbine, automotive, 
and aircraft design. It is essentially a piece of turbomachinery 
involving the high-speed rotation of relatively large mass 
rotors enclosed in a fluidtight housing. In common with 
many turbine rotors, large thrusts must be absorbed at these 
speeds, and shaft seals must be provided to separate the work- 
ing fluid from the lubricant. From the automotive field are 
borrowed such features as a water-jacketed casing for the redis- 
tribution of temperatures and also 360-deg steel-backed thin- 
shell babbitt bearings. Ground gears, which are common 
in aircraft work but unusual in power machinery, have been 
employed. 

The rotors are Mechanite castings, silver-soldered to steel 
stub shafts. Hard-facing material is sprayed on the shaft 
surfaces under the carbon seals, and hardened journal sleeves are 
shrunk on the stub shaft. After grinding of the shaft surfaces, 
all-over finishing of the rotor bodies, and mounting of the tim- 
ing gears, the assemblies are dynamically balanced. 

The casing, consisting of an inlet piece and main body, is 
constructed of Mechanite, and is horizontally split for easy 
assembly. The design is directed toward maintenance of paral- 
lel cylindrical rotor bores concentric with the bearings. This 
must be done in the face of large distorting forces and a tend- 
ency toward a diagonal temperature distribution from inlet to 
discharge corners. This necessitates a judicious choice of 
watcr-jacket and rib design. 


10,000 CFM CAPACITY 


Self-supporting Huhn carbon seals are used to limit leakage 
flow to the atmosphere, whereas nose-type axial seals secure a 
positive separation of oil from the vent space between the radial 
and axial seals. 

The rotors are located axially in the casing by means of float 
ing-shoe thrust bearings. Their radial location is maintained 
by the application to hardened ground journal sleeves of bab- 
bitted steel inserts in a rigid split housing, self-aligning installa- 
tion to insure full utilization of the bearing surfaces, and ade- 
quate oil flow to remove the bearing losses with reasonable 
temperature rise. The latter is insured by the use of a central 
annular feed groove and by the maintenance of clearance under 
operating conditions through warming of the bearing housing 
with throw-off oil which is directed by slingers and shields over 
the outside of the housing. Bearings thus designed and in- 
stalled handle with ease unit pressure of 600 psi, in combination 
with surface velocities upward of 5000 fpm. 

The rotors are timed by gears which, when the drive is 
through the male rotor, carry about 10 per cent of the compres- 
sor horsepower. These gears run at pitch velocities up to 11,000 
fpm and are called upon to maintain rotor clearances precisely 
Hardened and ground spur gears of narrow face do this job 
effectively. Oil which is primarily intended for purposes of 
cooling is sprayed at the breaking side of the mesh. 


SUMMARY 


rhe foregoing discussion of the Elliott-Lystolm compressor 
has been presented to indicate how this modified lobe-type 
compressor has been developed to a point where it produces the 
characteristics of a reciprocating machine with size comparable 
to a centrifugal unit and delivers oil-free air at high efficiency. 
This machine operates at the high rotating speeds associated 
with modern steam and gas turbines or electric drives. Thus 
industry is given a new tool which will find application where 
economy of operation and positive-displacement performance 
are advantageous. 
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SMOKELESS COAL HEATERS 


Development of Hand-Fired Heaters for Domestic Use 


By J. R. FELLOWS 


PROFESSOR OF MECHANICAL ENGINEERING, UNIVERSITY OF ILLINOIS. 


NVENTORS in this country began to respond to a public 
demand for smoke abatement approximately 100 years ago, 
and more than 200 patents have been granted on devices in- 

tended to burn bituminous coal smokelessly. In spite of the 
efforts of so many inventors, extending over so long a period, 
the author knows of no low-cost smokeless hand-fired heater 
that is available to the general public today. However, de- 
velopment work on smokeless stoves is under way at Battelle 
Memorial Institute in Columbus, Ohio, and a furnace company 
located in Cincinnati is developing a smokeless furnace. Both 
of these projects, in addition to the one discussed in this paper, 
have progressed to the stage of putting several trial units into 
homes for field tests, and there is reason to expect that smoke 
less hand-fired heaters will be available in quantity within 2 or 
3 years. 

A project having as its objective the development of a prin- 
ciple of smokeless combustion that would be applicable to all 
types of hand-fired heaters was started at the University of IIli- 
nois in 1935, and several papers (1, 2, 3, 4, 5, 6)! describing differ- 
ent phases of the work, have been published prior to this time 

The purpose of this paper is to present additional data, to dis- 
cuss some of the results of laboratory and field tests that have 
been made since the last published paper, to discuss the operat- 
ing experience of a considerable number of trial furnaces in 
private homes, and to review the present status of the project 

A part of the data presented in this paper has been obtained 
in tests conducted in a research residence sponsored by the 
National Warm Air Heating and Air Conditioning Association, 
and a summary of these data together with additional] data 
taken in the laboratory, as well as a more thorough discussion 
of results will later be published as a bulletin (7) of the Unt- 
versity of Illinois Engineering Experiment Station 


THE DOWNDRAFT COKING PRINCIPLE 


Although the downdraft coking principle has been explained 
in earlier papers, a brief review of the art will be given. Fig. 1 
shows a section of the Illinois smokeless furnace, incorporating 
this principle. The fuel bed is shown in a freshly charged con- 
dition with the live coals, or coke, pushed into the lower rear 
portion which serves as the coke-burning chamber. The fresh 
coal is shown placed in the upper forward portion which serves 
as a coking chamber. 

In the operation of the furnace the fresh coal is slowly con- 
verted to coke by the heat liberated as a result of the combus- 
tion supported by the coking air, while the coke from the pre- 
vious charge is slowly consumed by the undergrate air 
which supports conventional updraft burning in the bed of live 
coals. As the gases are released from the coking coal they are 
drawn under the baffle and mixed with secondary air which 
comes down to the mixing chamber through vertical passages 


‘Numbers in parentheses refer to the Bibliography at the end of the 


paper. 

: Coanthiones by the Power and Fuel Divisions and presented at the 
Spring Meeting, Chattanooga, Tenn., April 1-3, 1946, of Taz AMERICAN 
SOCIETY OF MECHANICAL ENGINEERS. 
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in the baffle wall. The combustible mixture is ignited by the 
incandescent surface of the live coals under the baffle and burns 
in the combustion flues that are parallel to the rear wall of the 
furnace body 

A detail of one pair of the special firebrick shapes used is 
shown in the upper right-hand corner of Fig. 1. A pinhole grate 
is provided to assure an active bed of live coals regardless of the 
amount of ash that may accumulate over the shaking grate in 
mild-weather operation. Well-fitted doors and generally good 
construction are essential to reduce vagrant air leakage to a 
minimum. 

The downdraft coking principle is applicable to all types of 
hand-fired heating appliances, and actual working models of 
furnaces, stoves, boilers, and water heaters have been con- 
structed. However, due to the co-operation of the National 
Warm Air Heating and Air Conditioning Association and a few 
of its member companies, the warm-air furnace development 
known as the Illinois smokeless furnace is far in advance of all 
the other applications of the principle. Prof. John C. Miles* has 
developed a stove design which shows great promise in the 
laboratory. Some industry co-operation has now been enlisted, 
and it is expected that several trial stoves will be placed in pri- 
vate homes before the beginning of the 1946-1947 heating 
season, 

Because of the comparatively limited experience with smoke- 
less stoves, boilers, and water heaters, further discussion of 
these devices will be left for future papers, and this paper will 
be confined to a discussion of recent advances in the develop- 
ment of the Illinois smokeless furnace. 


SOLUTION OF THE ''PUFF-BACK’’ PROBLEM 


Very little trouble from “‘puff back’’ was experienced in labo- 
ratory tests of the Illinois smokeless furnace, but this phe- 
nomenon appeared in the first week of testing in the research 
residence, where the draft was varied frequently and widely in 
the process of controlling the output of the furnace to offset the 
heat losses from the house. In all laboratory tests prior to 
October, 1943, when this difficulty was encountered in the re- 
search residence, the furnace had been controlled by variation 
of the draft without the use of dampers on any of the three air- 
inlet orifices. 

A laboratory investigation of the puff-back phenomenon 
disclosed the fact that it could be eliminated by the use of a 
damper in connection with the coking-air inlet. The damper 
was thermostatically controlled and operated in conjunction 
with a smoke-pipe check damper so as to supply more than the 
critical amount of coking air when there was a demand for heat 
and eliminate the coking air by the closed damper when there 
was no demand for heat. This contro] scheme, supplemented 
by a well-fitted firing door equipped with a deflector baffle, as 
shown in Fig. 1, was used successfully in the research residence 
throughout all but the first 2 weeks of the 6-month period dur- 


2 Member of staff, Mechanical Engineering Department, University 
of Illinois, Urbana, III. 
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ing which the first test unit was used. Several modifications 
of this scheme have since been tried and found to be practicable, 
but all control methods that have been successfully used include 
the operation of a damper on the coking-air inlet. 


USE OF COMBINED CHECK DAMPER AND DRAFT REGULATOR 


The method used for controlling the Illinois smokeless fur- 
nace during the tests conducted in the research residence may be 
of interest, as it appears to be applicable to all types of hand- 
fired heating devices. The arrangement, which is shown in 
Fig. 2 consists of any suitable make of draft regulator, modified 
in such a way that a chain operated by a damper motor will hold 
the balanced damper of the regulator open when tension is ap- 
plied to it. Another chain from the damper motor operates one 
or more dampers on the front of the furnace. When there is a 
demand for heat the dampers at the front of the furnace are 
opened and the chain to the balanced damper is slackened, per- 
mitting it to function as a draft regulator. When the demand 
for heat is satisfied the dampers at the front of the furnace are 
closed and the balanced damper is held open, serving in this 
position as a check damper. 

This simple arrangement combines the functions of a check 
and a draft regulator in one device and makes the use of a draft 
regulator possible even when the smokepipe is very short. Use 
of a draft regulator in connection with a hand-fired furnace is 
essential to eliminate fire hazard. It also eliminates waste 
accompanying excessive combustion rates. 


INVESTIGATION OF CONTROL METHODS 


The comparative effectiveness of five possible damper-control 
schemes as determined by a laboratory investigation is shown 
in Fig. 3. The data were taken at the beginning of a cycle with 
a good bed of live coals and a normal charge of fresh coal as 


PARTIAL SECTION AND SOME DETAILS OF ILLINOIS SMOKELESS FURN ACE 


illustrated in Fig. 1. With dampers A, B, and C open and 
check damper D closed, the fire was allowed to burn until the 
temperature of the flue gas, as measured by a thermocouple 
located in the center of the smoke pipe close to the smoke collar, 
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was 710 F. Check damper D was then opened, and the flue-gas 
temperature was read at ]-min intervals for 10 min. The tem- 
perature readings taken during this period are shown by the 
upper curve I in Fig. 3. At the end of that time check damper 
D was closed until the flue-gas temperature had again increased 
to 710 F, after which it was opened and coking-air damper B 
simultaneously closed. The flue-gas temperature during the 
10-min period immediately following this procedure is shown 
by curve II in the same figure 

In a similar manner data were obtained for the remaining 
curves in Fig. 3. Each curve is labeled to show the damper 
operation immediately preceding the taking of the data plotted 
with the flue-gas temperature, and the state of the fuel bed ap- 
proximately the same each time the fire was checked. The 
damper arrangement producing the upper curve has been found 
to be impractical for actual home use because of the possibility 
of puff back, and it may be noted that the response of the fire 
to the opening of the smokepipe check damper without the 
simultaneous closing of at least one other damper is compara- 
tively slow. As represented by the flue-gas temperature, the 
response of the fire to the various damper-control schemes tried 
was exactly as expected, but the data in Fig. 3 give a visual 
comparison of the effectiveness of the different methods 

The control schemes represented by curves II and III have 
been used successfully in the research residence and in several 
private homes. The control scheme in which check damper D 
is opened while dampers A, B, and C are all simultaneously 
closed when a demand for heat is satisfied, has been tried in 
100 furnaces installed in private homes. This method of con- 
trolling the fire was found practically to eliminate temperature 
overruns under all conditions of operation, but some troubles 
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HOURS AFTER FIRING 


FIG. 4 COMPARATIVE SMOKE RECORDS 


(Data have been transferred from chart records made in Mechanical 
Engineering Laboratory at the University of Illinois. Saline County, 
Illinois, coal was used in all of the tests shown.) 


with reversal of chimney draft have been encountered in mild 
weather. Approximately 50 of these installations have been 
converted to operation under control scheme IV simply by dis- 
connecting the chain from the damper motor to the combined 
check damper and draft regulator so that the draft regulator is 
in a freely floating position at all times. 

Damper B must be constructed and operated so as to close 
tightly; damper C should preferably be provided with a small 
bleed hole of the order of 1/2 in. diam, whereas damper A must 
be provided with bleed holes having a combined area equal to 
at least 25 per cent of the combined area of the orifices under- 
neath the damper so that some secondary air will be supplied 
to the furnace at all times. 


DEGREE OF SMOKELESSNESS ATTAINED 


Continuous records of the smoke produced by the Illinois 
smokeless furnace were made in the research residence through- 
out two consecutive heating seasons, but no satisfactory method 
of tabulating the data has been found. Under normal operating 
conditions no smoke was produced, but allowing the fuel bed 
to burn too low on a few occasions in mild weather caused a 
gray haze to be produced for a period varying from a few min- 
utes to an hour due to the lack of a sufficient amount of hot 
coke under the baffle to ignite the gas-air mixture. Some smoke 
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was produced for bricf periods following the closing of the 
dampers on several occasions due to the fact that the rate of gas 
release from the fresh coal in the coking chamber did not de- 
crease as rapidly as the rate of secondary-air intake. However, 
it was not unusual for the furnace to operate for several days in 
average winter weather without producing any appreciable 
amount of smoke at any time. 

Comparison of the smoke records from the Illinois smokeless 
furnace and a stoker-fired conventional furnace operated in the 
same research residence during a previous heating season, indi- 
cated that approximately the same degree of smokelessness may 
be expected from the furnace as is generally achieved by a stoker. 

Smoke records obtained from tests made on a conventional 
hand-fired furnace in the laboratory are reproduced in Fig. 4, 
and compared with records obtained from tests made on the 
Illinois smokeless furnace when burning the same type of coal at 
comparable combustion rates. Although it would be difficult or 
impossible to duplicate any of the records shown owing to the 
many factors which affect the amount of smoke produced, it is 
believed that the data presented show a fair representation of 
the extent to which atmospheric pollution could be reduced by 
replacing conventional hand-fired furnaces with smokeless fur- 
naces of the type tested. 

At least four visual smoke observations per day have been 
made on two installations in a residential district throughout 
the present heating season to date, and in addition more than 
500 casual observations have been made on other field installa- 
tions. From this experience it appears that the amount of 
smoke that will be produced by hand-fired coal heaters, incor- 
porating the downdraft coking principle, is negligible when 
compared with the amount that is now produced by conven- 
tional updraft equipment. 
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FIG. 5 SAMPLE OF CHART 
RECORDS MADE AT RESEARCH 
RESIDENCE 
(The records shown are typical 
for operation under field condi- 
tions and do not represent the best 
performance that is attainable.) 
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RESULTS OF TESTS IN RESEARCH RESIDENCE 


Tests of the Illinois smokeless furnace in the research resi 
dence were begun in October, 1943, with a small furnace 18 in. 
square and designed to accommodate three of the baffle-wall 
sections shown in detail in Fig. 1. After approximately 6 
months of testing, including all of the severely cold weather of 
the season, the small furnace was replaced by a unit 24 in 
square, including four of the baffle-wall sections. The second 
furnace was tested through the balance of the 1943-1944 heating 
season, and throughout all of the 1944-1945 season. This same 
unit is still being used to heat the research residence although 
no data have been taken since April, 1945. 

The furnace while under test was fired by students living in 
the house who were instructed to place a new charge of fucl 
whenever they noticed any discomfort from underheating 
Because of this policy the data collected are thought to be 
representative of the performance of the furnace in an average 
home and do not represent the best performance that is attaina- 
ble by a skilled operator or by a conscientious householder 
who keeps check on the condition of the fuel bed. 

The coal used throughout the first season of testing was a 
1'/,-in. X 2-in. nut preparation from Vermilion County, III 
The coal used during the 1944-1945 season was the same-size 
preparation from Saline County, Ill. The proximate analyses 
for both of the coals used are given in Table 1. 

Fig. 5 shows four charts taken in a day's operation with the 
four-section furnace under the conditions outlined. The charts 
included show a record of ~he indoor temperature at the breath- 
ing level in the dining room, the outdoor temperature, the bon- 
net temperature, the flue-gas temperature, measured at the 
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smoke collar of the furnace, and the per cent of CO, in the flue 
gas. 
As indicated on the record of flue-gas temperature, the furnace 
was fired at 10:00 a.m. with 60.3 Ib of coal and a second time 
at 10:00 p.m. with 68.4 Ib of coal. In addition to the charts 
shown in Fig. 5, daily records were made of the weight of coal 
fired, weight of refuse removed, time consumed in servicing the 
furnace, electricity and gas used, and any weather peculiarities 
Room-air temperatures measures at three different levels in 
each room were recorded five times each day. 
PROXIMATE ANALYSES OF COALS USED IN RE- 
SEARCH RESIDENCE? 
Vermilion County, 
Illinois, coal 


TABLE 1 


Saline Country, 


Westville mine Illinois, coal 

Proximate analyses, per cent 
Moisture 12.33 4.94 
Volatile matter 35.05 36.19 
Fixed carbon 44.58 52.28 
Ash 8.04 6.59 

Total 100.00 100.00 
Sulphur...... 1.22 1.34 
Heating value, Bru per lb. 11441 13032 


* Analyses by Applied Chemistry Division, University of Illinois. 
Coal in the as-received basis. 


Fig. 6 is a summary of all of the CO, and flue-gas-temperature 
records taken in two complete seasons of testing. The loss of 
heat in the flue gas calculated from the data and including the 
heat carried away in the water vapor formed is shown in the 
upper part of Fig.6. Although the data indicate a higher flue-gas 
loss from the three-section furnace, due to the higher flue- 
gas temperature, the fuel consumption of the two furnaces was 
found to be approximately the same over the entire range of 
weather conditions encountered in a season. This seeming in- 
consistency is believed to be explainable from the fact that the 
smoke pipe was more than 10 ft long in each case, and it is 
reasonable to expect that the regain of heat from the smoke 
pipe was greater in the case of the small furnace due to the 
higher initial flue-gas temperature and the smaller smoke pipe. 
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UNDER CONDITIONS OF MAXIMUM OUTPUT 


Asa result the actual losses from the house due to the heat con- 
tained in the flue gases, were nearly the same in both cases. 

Fig. 7 shows performance data taken in the research residence 
with the three-section unit in December, 1943. The test was 
made on a cold day, a door in an outside wall of the house was 
opened, and the thermostat set up, to produce a condition of 
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continuous demand for heat after the furnace was fired. It may 
be noted that the per cent of COz in the flue gases built up 
to nearly 15 per cent and remained close to that figure for nearly 
3 hours during the early part of thecycle. The effect of the draft 
reguiator in preventing the creation of excessive draft at high 
burning rates is clearly shown by the curve at the top of the 
figure. The limit placed on the combustion rate by the method 
of draft control used is clearly shown by the curves representing 
flue-gas temperature, temperature rise inlet to bonnet, and bon- 
net capacity. It is interesting to note that the flue-gas loss in 
per cent of the heating value of the fuel burned was almost con- 
stant throughout the test period due to the fact that the tem- 
perature of the flue gas decreased as the weight of flue gas per 
pound of coal increased. 

Fuel consumption in the research residence was practically 
the same for both furnaces, varied directly with the indoor- 
outdoor temperature difference, and was almost exactly the 
same as the fuel consumed by an underfeed stoker in a conven- 
tional furnace which was tested in the same residence during 
the 1938-1939 heating season. More data‘and a much more 
thorough discussion of the results of the tests in the research 
residence will be given in a forthcoming Engineering Experi- 
ment Station bulletin. 


EXPERIENCE WITH 100 TRIAL INSTALLATIONS 


Three furnaces, similar to the unit used in the 1943-1944 sea- 
son of testing in the research residence and made by the same 
manufacturer, were installed in private homes during the sum- 
mer of 1944, and are now completing the second season of opera- 
tion under field conditions. During the fall of 1944 the manu- 
facturer who supplied the second unit for the tests in the resi- 
dence made up 100 trial furnaces similar to that unit, except 
that air passages were included to make it possible to control 
the secondary air, the coking air, and the undergrate air with a 
single damper located on the under side of the feed pouch. This 
company began shipping these furnaces to selected dealers in 
January, 1945. Approximately 60 of the units were sold before 
the close of the 1944-1945 heating season, one of them being 
installed in the author’s home. The entire lot of 100 furnaces 
was placed in private residences before the start of the present 
heating season. 

These trial furnaces are well scattered across the northern 
portion of the country so that field experience is now available 
with many different types of people, many different types and 
preparations of fuel, and covering a complete range of weather 
conditions. Since the majority of the dealers who installed the 
furnaces had never seen one before and knew nothing about 
them, the only contact between the engineers who developed 
the furnace and the householders who had to learn to use them 
was through printed instructions. 

In the majority of cases the householders were able to learn 
to operate the furnace properly by reading the printed instruc- 
tions, which included several illustrations. In some cases it 
was necessary for the dealer to interpret the instructions for the 
householder, and in a very few cases it has been necessary for 
an engineer to visit an installation to demonstrate the proper 
method of operation. 

Although i: is much easier to push back the coke in preparing 
the fuel bed for a fresh charge when burning a noncoking or 
a slightly coking coal, all bituminous coals, including the 
strongly coking types, can be burned successfully in the furnace 
by the average houscholder after he has become familiar with 
the proper technique. 

Several of the units failed to furnish sufficient heat in severe 
weather due to partial stoppage of the coking-air passage. The 
outlet end of this passage was located in a vulnerable spot 
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under the ledge of the firing door. This detail has been changed 
and no difficulty has been encountered in the new units that 
have been made since the change was incorporated. It has been 
necessary to replace three of the trial units because of overheat- 
ing and “‘puffing’’ caused by leakage from the special secondary- 
air passages at the front of the furnace that were used to con- 
duct this air from the centralized air-control damper to the 
horizontal air passage in the roof of the coking chamber. The 
company which made these units has decided to abandon the 
centralized air-control scheme and use three separate dampers, 
as on the furnace shown in Fig. 8, now installed in a residence 
near the author's home. 

A slight change, brought about accidentally, in the clearanc« 
between the rear side of the shaking grate and the rear grate 
rest in the initial 100 trial units from the clearance used in the 
similar unit that was tested in the research residence, has caused 
the householders using these furnaces to experience a com 


paratively low grate efficiency. It has been found impossible 





FIG. 8 ILLINOIS SMOKELESS FURNACE INSTALLED IN A PRIVAT! 
RESIDENCE 
(The* unit shown is exactly the same as 100 other trial units now in- 


stalled, except for the use of three separate dampers in place of a cen- 
tralized air control operated by a single damper.) 


to clear the ash from the rear portion of the shaking-grate 
section without shaking considerable unburned coke through 
the forward portion. This detail has now been corrected and a 
special grate bar to correct the units in the field will be installed 
in all of them during the summer 

In general, householders are pleased with the very good hold 
fire characteristics of the furnace and with the comparatively 
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even house temperatures which can be maintained at all times, 
but a few of the salesmen made greatly exaggerated claims of 
the ability of the furnace to operate for long periods without 
attention so that some of the customers have been disappointed 
to find that it is necessary in most cases to fire approximately 
every 8 hours in zero weather. However, experience with a few 
units installed in houses where heat losses are low indicates 
that sufficient conservation used in sizing this type of furnace 
may result in an installation that will never require firing more 
than twice in24hours. Records show that during the 1944-1945 
heating season two firings a day were sufficient for the unit 
under test in the research residence, except for 3 days when the 
weather was the coldest of the season 

The author has been careful to avoid stoppage of the coking- 
air passage in the unit installed in his home, and has experienced 
no difficulty other than the loss of some unburned coke through 
the grate owing to the faulty design of the shaking grate which 
has been previously mentioned. From February 20, 1945, when 
the furnace was installed, until the end of the 1945-1946 heat- 
ing scason, it was never necessary to fire the furnace more than 
once every 24hours. Likewise, in the 1945-1946 heating season, 
one firing cach day was sufficient to maintain satisfactory per- 
formance until the appearance of the first cold weather, which 
occurred around November 20, 1945. Since the advent of 
settled winter weather this unit has been fired quite regularly 
each morning and evening except for approximately 10 days of 
the coldest weather when it was fired three times every 24 
hours. 

In the author's home the practice has been to fire the furnace 
at the first convenient opportunity after the latest charge has 
had time to coke completely, even if there were no demand for 
heat at the time. Asa result of this plan it has been possible 
to maintain a much more even temperature than is represented 
by the temperature chart taken in the research residence and 
shown in Fig. 5. The operators of the test furnace would 
allow the fire to go without attention until the house tempera- 
ture had fallen perceptibly, and the long pickup periods that 
were consequently required tended to produce overruns after 
the thermostat was satisfied. Overruns in the house tempera- 
ture in the author's home have practically never exceeded 1 deg, 
and there have been very few times when the temperature in 
the house has fallen below 70 F 

Few reports on comparative fuel consumption in private 
homes have come in to date because only a few of the trial units 
have been used through one complete and continuous heating 
However, the few reports that have come in are en- 
couraging. A user of one of the first trial units reports a fucl 
consumption of 8 tons during the 1944-1945 season, compared 
with 12 tons the previous winter using a conventional hand 
The author esti 


season. 


fired furnace burning the same type of coal 
mates on the basis of a season, which is approximately 80 per 
cent completed at this writing, that the furnace in his home 
will have consumed 10 tons of coal up to the time that a fire will 
be no longer needed. Records of coal purchases in former 
years indicate an average consumption of approximately 14 
tons when the same type of coal was fired by hand in a conven- 
furnace. Therefore it appears that savings in the 
author's home will be of the order of 30 per cent. 


tional 


PRESENT STATUS OF SMOKELESS COAL HEATERS 


Experience in the laboratory, in the research residence, and 
in more than 100 private homes indicates that a solution has 
been found for several of the more difficult problems that pre- 
viously stood in the way of a general use of smokeless hand- 
fired coal heaters. It appears likely that the inexpensive baffle 
wall used in the Illinois smokeless furnace will stand up for 
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several years in actual service. It has definitely been proved 
that puff-back problems can be eliminated with a combination 
of good furnace construction and the proper method of control- 
ling the primary coking air. It has also been definitely proved 
that the average houscholder can learn to operate a smokeless 
furnace successfully and that practically every type of bitu- 
minous coal can be burned in it. 

It is believed that the complaints of insufficient heat in cold 
weather and loss of coke through the grate, can be eliminated 
in future trial units by certain changes in construction details 
which can be easily made. 

Because of the ‘‘flywheel effect,’’ caused by the large amount 
of firebrick incorporated in its construction, and the draft 
regulator used on the smoke pipe, the Illinois smokeless furnace 
is noticeably slower than a conventional furnace in picking up 
to a condition of maximum heat delivery after refiring. It ap- 
pears unlikely that it will be possible to eliminate this char 
acteristic in any furnace designed to effect an accurate control of 
the rate of gas release at all times which is necessary if smoke- 
less combustion is to be achieved. This slower pickup char- 
acteristic is no disadvantage if the operator will recharge the 
furnace before the house temperature has been allowed to de- 
crease to the point of actual discomfort. In field installations 
it has not been found difficult to maintain comfort conditions in 
the house at all times under every type of weather conditions. 
Because of this inherent characteristic it is recommended that 
night setback of the thermostat be limited to 3 or 4 deg and 
that temperatures in the comfort region be maintained in the 
living quarters of the house at all times. 

Owing to the extremely severe conditions imposed upon the 
baffle in the Illinois smokeless furnace and the use of some 
other parts not previously used in conventional furnaces, the 
manufacturers who are licensees of the University of Illinois 
Foundation feel that considerable service experience is neces- 
sary before it will be safe for them to manufacture the furnaces 
in large numbers. It is likely that the manufacturers co- 
operating with Battelle Memorial Institute and any others 
pioneering new types of coal heaters will follow the same policy 
of caution. It therefore appears to the author that smokeless 
coal heaters will not be available to the general public in large 
numbers for the 1946-1947 heating season. However, unless 
unforeseen problems arise in the meantime, there is every reason 
to expect thar the Illinois smokeless furnace, along with com- 
panion stoves and competing stoves and furnaces will be availa- 
ble in sufficient numbers to fill the demand within the next 
two years 
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ADVANCES zz RUBBER During 1945 


By E. G. CHILTON 


RESEARCH ENGINEER, FIRESTONE INDUSTRIAL PRODUCTS COMPANY, AKRON, OHIO 


HEN the war ended it was evident that the rubber in- 

dustry had come through with flying colors (1, 2).! 

Although hit harder than most other industries by 
shortages in its main raw materials, it had solved the problem 
by the creation of the synthetic-rubber plants whose produc- 
tion capacity, as now becomes evident, was gigantic when 
compared to the enemies’ efforts that extended over a much 
longer period of time. We can look with pride on a produc- 
tion record of 737,000 tons of GR-S in the year 1944, while the 
German figure never reached more than 120,000 tons in any 
similar period (3). 

GR-S MAINSTAY OF SYNTHETIC PROGRAM 


GR-S was still the mainstay of the synthetic program and 
much effort was spent .o improve its properties and processing 
qualities (4-8). Although much can be gained by proper 
handling, the question is still one of compromise between case 
of processing and good physical properties of the vulcanizate. 
One of the most promising of the synthetics is Butyl GR-I, 
which has found increasing use in the industry (9, 10). An 
ideal material for inner tubes because of its low permeability to 
gases, almost the entire wartime production was taken up for 
this purpose by the Armed Forces (11). Its high hysteresis 
and great resistance to sume oils also make it a useful synthetic 
for many types of mechanical goods. Few new developments 
were noted for the other special-purpose synthetics, such as 
Neoprene, Buna-N and Thiokol, but comparisons of their pro- 
duction and properties with those of GR-S, Butyl, and natural 
rubber appeared in the literature (12, 13). 

Several investigators reported new synthetic rubbers, but 
most of these inventions are still in the laboratory stage (14-16). 
Some of the most talked about new products are those made 
from silicone resins. Unaffected by temperatures as high as 
450 F, and as low as —70 F, they have already proved very e:- 
fective as gasket materials in airplane engines, as bases for 
heat- and cold-resistant oils, and in other products (17-20). 

As the border line between synthetic rubber and plastics be- 
comes ever narrower, many of the manufacturers are making 
use of their laboratories and processing equipment to manufac- 
ture plastic products (21, 22). In fact, an all-plastic tire has 
been produced and, although no complete reports are available, 
it is supposed to show some promise (23). 

The saying goes that “‘necessity is the mother of invention,"’ 
and that applies to nothing better than the tremendous ad- 
vances made in the reclaiming processes (24-26). Neglected 
for many years while crude rubber was plentiful, the industry 
made vital contributions to the war effort. Much work has 
been done to improve the process (27), and reclaim from syn- 
thetic stocks has even proved valuable as an extender for raw 
rubber (28, 29). The main difficulties which have been en- 
countered are those of sorting the scrap into the different types 
of rubber and synthetic, for each type requires a different re- 
claiming method. 





* Numbers in parentheses refer to the Bibliography at the end of the 
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Contributed by the Rubber and Plastics Division and presented at the 
Annual Meeting, New York, N. Y., Nov. 26-29, 1945, of Tae AMERICAN 
Socigty or Mecuanicat ENGINEERS. 


CRUDE RUBBER STILL A NECESSITY 


In spite of the advances in synthetics, a certain percentage of 
crude rubber is still needed for tire production and the manu- 
facture of some other products. Some of this requirement was 
filled by the stock pile available, some through shipments 
from Ceylon, South America (30), and Africa, and some from 
the continued attempt to extract rubber from plants other than 
the Hevea Brasiliensis, the original rubber tree. While some 
courageous men have braved the wilds of the African and Cen- 
tral American jungles to tap wild rubber (31, 32), the Depart- 
ment of Agriculture has conducted experiments with Guayule, 
Cryptostegia Grandiflora, goldenrod, dandelion, and Castilloa 
(33-36). Although many of these “‘home-grown’’ rubbers 
have qualities approaching those of Hevea, they can hardly 
compare with the cost of peacetime Hevea rubber. Despite 
the war, the British have continued their research facilities in 
Ceylon and have formulated plans for the rehabilitation of the 
Malayan rubber-growing areas (37-39). Even Brazil, where 
rubber originated, intends to recapture some of its rubber trade 
and has built a research organization under the guidance of the 
United States to study the problems involved (40, 41). 


DEVELOPMENTS IN PROCESSING MATERIALS 


In line with the development of synthetic rubber and plas- 
tics, the chemical industry has continued to produce processing 
materials, and the laboratories have kept step by evaluating 
their properties. Since process-hardening is one of the greatest 
drawbacks of GR-S, the line of plasticizers and softeners is 
ever growing (42-44). As their number must by now reach 
into the hundreds, it is worth while to refer to a summary 
paper giving the characteristics of the various groups of these 
chemicals (45). A similar summary was prepared by the same 
authors for extenders (46), of which there were also a number of 
new types. Vulcanizing agents (47), peptizers (48), and ac- 
celerator activators (49, 50) were some of the other new chemi- 
cals offered. In the last year, the importance of reinforcing 
carbon black has induced a great deal of research, the accent 
lying mainly on the size and dispersion of the black particles 
in the rubber (51-54), as well as the thermal and electric con- 
ductivity imparted to the mixture (55, 56). It has been pos- 
sible to produce an electrically conductive rubber in which the 
carbon is dispersed to form a continuous chain, and this is being 
used for nonstatic conveyer belts, for airplane-propeller deicers 
(57, 58), and for tires, tracks, and bogie wheels on radio-equipped 
vehicles. There have also appeared several reinforcing agents 
other than black, particula ly for varicolored products (59, 60) 

Presented with a profusion of available compounding in- 
gredients, the compounder must rely on physical tests to deter- 
mine the best combination to arrive at the properties required 
by the finished product (61). The standard tests of the 
A.S.T.M. (62) can well be relied upon if performed properly ac- 
cording to Porrit and Scott (63), but some investigators purpose 
additional tests to determine special characteristics. A com- 
pression-tear test is suggested that is claimed to duplicate road- 
cracking of tread stocks (64), while a new shape of tear-test 
specimen is supposed to zive more accurate results than the 
crescent shape now in general use (65). While hardness test- 
ing is still one of the quickest and easiest methods of comparing 
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stocks, it has well-known deficiencies. In trying to eliminate 
some of these deficiencies, the British have designed a new 
penetration hardness meter and have standardized the technique 
to be used with it (66). Since different hardness meters are 
used in many countries, a nomographical comparison of the 
most common types should also prove of interest (67). 

Many of the studies of the physical testing laboratories have 
been concerned with processing properties of various com- 
pounds (68), and much work has been done in the field of 
rheology (69). Instead of a single measurement of plasticity, 
one author arrived at a series of seven related tests that are 
said to determine the rheological properties of the stocks with 
great accuracy (70). 

The effects of nip width of milling-machine rolls and of the 
roll temperatures were the subjects of two papers which show 
that while the former has but little influence the latter can 
seriously alter the properties of the stock (71, 72). The need 
for adequate cooling of rubber machinery is further accentuated 
in another article (73) and by the development of new agents 
to remove scorched materials from mill rolls (74). Research 
into this effect of mastication has shown that atomic oxygen 
from peroxides is freed at high temperatures and during pro- 
longed milling operations and is the cause of most of this de- 
terioration (75, 76). Requirements for extruding processes 
are also to be found (77) 


NEW FACILITIES FOR THE RUBBER FACTORY 


Several new facilities for the rubber factory appeared in 
1945, such as a fast and continuous method for cementing and 
drying tire fabrics without subjecting workers to the toxic 
fumes of the solutions (78). As in so many other fields, new 
electrical controls have appeared for maintaining constant 
speeds and temperatures on calenders and controlling tube out- 
put (79). 

Perhaps the most publicized of the electrical inventions is 
electronic curing (80). Already a mold press has appeared on 
the market which has facilities for electronic preheating of the 
rubber in the mold, thus securing a more even heat distribution 
throughout the rubber mass and reducing over-all curing time 

81). New methods of molding (82) made their appearance, 

among them an injection-molding machine for rapid manufac- 
ture of small products (83). Since the mold is never cooled, 
the inventors claim much shorter curing time and improved 
homogeneity of the product due to thorough mixing of the 
rubber in the injection nozzle. A mold cleaner and a non- 
staining mold lubricant are given as further aids to the mold 
shop (84, 85). 

The molding of rubber to metal has received further considera- 
tion in studies on the theory of brass-plating and the chemical 
action that occurs between the brass and the rubber to form 
desired adhesive properties (86, 87). Synthetic rubber pre- 
sents special problems in its adhesion to metal and other ma- 
terials, which becomes evident by the many new synthetic ad- 
hesives on the market, and the development of new test methods 
tor them (88-91). 


REQUIREMENTS FOR TIRES AND TUBES 


As regards tires, due to more and more exacting demands of 
the Armed Forces, it became necessary to evaluate the toler- 
ances to which tire production can be held and to assess their 
importance (92). For the same reason, elaborate tests both on 
dynamometers and on actual test courses were necessary to prove 
tire values (93-95). Some of the test fleets operated under the 
most grueling desert conditions day in and day out and bore 
Witness to the excellence of American tire production. Much 
of the credit for this excellence must go to the makers of tire 
cord who not only have developed improved cotton fibers 
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(96, 97) but who also have presented the tire manufacturer 
with nylon and rayon cords of a wide choice of properties 
(98-101). All these fibers have been subjected to prolonged 
study to determine their characteristics under various loads, 
temperatures, and amounts of moisture (102, 103). 


REMARKABLE WAR PRODUCTS OF RUBBER DEVELOPED 


Even though tires and tubes formed the greatest bulk of rub- 
ber production during the war, the industry turned out many 
remarkable and important war products that aided materially 
in the course of victory. Many of these have become known 
only now that the war is over. Early in 1940 the Germans 
attempted to isolate the British Isles by a combination of U- 
boat warfare and the magnetic mine. Ships could be pro- 
tected from the latter by an expensive and cumbersome degauss- 
ing belt. This, however, did not destroy the mines which re- 
mained as a potential danger, until the British built a buoyant 
cable coil in which sufficient magnetic forces could be created 
to explode the mines safely (104). Buoyancy was achieved in 
various ways, one of which was by making the cable center of 
tennis balls supported in a molded-rubber form. 

As the tides of war turned in favor of the Allies many a 
successful invasion was aided by collapsible rubber maps of the 
terrain to be invaded (105). These maps took but little space 
when folded and when opened presented a vivid three-dimen- 
sional view of the topography. 

In order to supply the advancing troops with spare rubber 
parts far from home, the Navy even built a complete small rub- 
ber shop on one of the Pacific Islands capable of turning out 
molded goods to the amount of 6000 Ib of rubber a day (106). 
With similar intentions, the Army operated a tire repair shop 
in Italy thar reconditioned as many as 500 tires a day (107). 

In the rapid wartime development of airplanes, the rubber 
industry has had a great share, much of which, like tires, fuel 
cells, and engine mountings, is too well known to require re- 
view (108) in the present paper. Some of the latest aids are 
for propellers and helicopter rotors to assist in cooling the 
engine, increase the propeller efficiency (109), and protect the 
blades from wear (110). One article mentioned a method of 
spraying a thin layer of nylon between rubber layers of a fuel 
cell to prevent fuel evaporation through the walls (111). 

Other aircraft companies have experimented with various 
rubber and plastic adhesives for metal-to-metal or metal-to- 
wood bonding and are said to have produced remarkable bond 
strength (112, 113) 

A floating tank claimed to have saved 10,000 lives on D-Day 
in Normandy, and one of the best kept secrets of the war, 
known as the D-D device, was built by the author’s company, 
according to a British invention (114). A rubberized-canvas 
wall, reinforced by steel framework, extends around the sides 
of a Sherman tank and is elevated to a height of some 15 ft by 
means of pneumatic rubber tubes and other mechanical devices. 
Because of the displacement of this fabric hull, the tank is 
buoyant and can be floated to the objectives. When it reaches 
them the tubes can be instantly deflated, the wall collapses, 
and the tank is ready for action. Some 350 of these were de- 
livered to the Army prior to D-Day and only the quick result 
of the atomic bomb obviated the necessity for their use against 


Japan. 
NEW PEACETIME PRODUCTS 


Since the end of the fighting, new products for civilian uses 
have reached all the way from pneumatic surgical tourniquets 
to foamed-rubber powder puffs (115, 116). Yet the industry 
has never stopped producing new aids for factories and shops. 
A new heat-resistant forming pad and die for sheet-metal- 
forming presses (117) has been developed. Buna-N type rub- 
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bers have proved to give excellent bonding for abrasive wheels 
(118), while other synthetics have been used in the manufac- 
ture of oil seals on rotating shafts (119). A conveYer belt 
constructed of neoprene and fiberglas is said to outwear any 
other type of belt and to have negligible elongation (120). 
For electrical recording of stresses in steel frames, strain gages 
can now be molded into a rubber button that will protect them 
from inclement weather conditions for out-of-door use (121). 
NEED INCREASING FOR RESEARCH 

The increasing need for scientific investigation has nowhere 
been realized more fully than in the rubber industry. Since 
Goodyear finished its research building 2 years ago, the Fire- 
stone research laboratory, was opened in 1945 (122) and a 
new Goodrich laboratory is planned for the near future (123). 
These laboratories are or will be fitted with the most modern 
of tools, electronic devices, and scientific apparatus. Electron 
microscopes, x-ray diffraction units, infrared and mass spec- 
trometers are the more spectacular of the instruments which 
have received the most attention recently (124-126). 

With these and many others, the investigations into the 
physical and chemical nature of rubber and synthetics have 
made great strides. High-power microscopes have revealed 
facts of microchemical structures of rubberlike substances that 
were not to be explained by the molecular theory alone (127- 
129). This theory itself has been extended considerably in the 
light of new investigations (130-134). 

Studies of the formation of gels, osmotic pressure, etc., have 
yielded valuable information on the molecular structure of the 
solutes (135-139). Not only can rubber be dissolved in liquids, 
but gases like oxygen are soluble in rubber. A great deal of 
work has been done to determine this effect and to correlate it 
with the oxidation and deterioration of the compound. The 
data seem to show that oxidation progresses only under 
the action of peroxides or atomic oxygen, and that therefore the 
best antioxidants are those which prevent the formation of 
these peroxides (140-142). 

The phenomenon of exposure-cracking can be explained in a 
similar way through the combination of ozone and strain, the 
latter being necessary to tear the deteriorated particles and pre- 
sent fresh surfaces to the action of the ozone (143). 

In the processing of rubber, however, peroxides are helpful 
chemicals if carefully controlled (72-76, 144, 145). For similar 
reasons, a method was also devised to determine the amount of 
peroxides contained in a cured vulcanizate (146). This method 
is part of an increasing field for research in the determination 
of the constitutents of an unknown piece of cured stock. As 
already mentioned, this is of particular importance for sorting 
reclaim, and several tests have been suggested to identify cer- 
tain base polymers (147-149), accelerators (150), vulcanizing 
agents (151), and even the amount of unsaturation (152), 
which in turn gives an indication of the resistivity to oils and 
oxidation. 


WORK OF THE RUBBER PHYSICISTS 


In line with this great volume of chemical research, rubber 
physicists have reported a profusion of data which can be men- 
tioned only briefly. Working in general on the cured vulcani- 
zates, their investigations have covered such characteristics as 
stress - temperature relations (153, 154), the phenomenon of 
creep and relaxation (155-157), and the mathematical theories 
connected with them (158-160). 

In order to measure Young's modulus at extremely small de- 
flections, one author has used sound waves of 10,000 cycles per 
sec frequency, whose speed of propagation along a rubber fiber 
gave him a means to calculate that modulus (161). Other in- 
vestigators have determined properties of elastomers at low 
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temperatures, tests which are of great importance to the de- 
signers of high-altitude aircraft (162-165). 

Since rubber is one of the peculiar substances whose character 
istics are dependent upon the rate of loading, dynamic tests 
have always been of great importance, and measurements of 
dynamic modulus and internal friction have been made in many 
laboratories (166-168). Some investigators have focused 
their attention in particular on one fast stretching or retracting 
stroke and by means of high-speed photography have dis- 
covered, for instance, that a contracting rubber band does not 
do so evenly, but in some sort of wave form (169-171). 


CONCLUSION 


It might be well to remember that all this almost unbelicva 
ble development was made in a single year on a product origi 
nally used by Indians to make waterproof bags for Spanish 
gold (172), a product first made synthetically in a laboratory 
some 35 years ago (173), that today approaches an annual pro- 
duction figure of 1,000,000 rons. And yet the future is un- 
limited; with natural rubber returning in ever-increasing 
quantities, with ample raw materials for the manufacture of 
synthetics and rubber chemicals (174-178), and with research 
to point the way, we may well look forward to boundless ad- 


vances in rubber. 
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PLASTICS TECHNOLOGY 


Recent Significant Developments in Plastics 


Bry ROBERT J. MOORE 
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LASTICS denote materials which may be molded or cast 

to a desired shape. But the plastics industry today has 

extended far beyond these original boundaries. In addi- 
tion to molded and cast materials are the large fields of lami- 
nated products; the bonds and adhesives; the foils, rigid and 
flexible sheets and films. The latter group alone embraces 
comprchensive industries, such as packaging and display matc- 
rials and instruments for drafting and scientific work. In 
plastics also we have the base materials for protective and 
decorative coatings and the resin applications to paper and 
textiles. The bonds and adhesives group just mentioned in 
curn embraces entire industries, such as brake linings, grinding 
wheels, plywood glues, core bonding, and the resin bonds for 
mineral- and glass-wool heat insulants; also the fast-growing 
field of cements and bonds for joining the entire range of sur- 
faces. 

The extrusion and calendered products and dielectrics cover 
in turn the electrical-insulation industries, the wire and cable 
compounds, and the entire ficld of textile surfacing and treat- 
ments. For paper there are not only the various surfacing 
materials used in packaging, but the resin treatments for in- 
creased wet strength. Other substantial divisions of the plas- 
tics industry are the films and fibers used for coverings, curtains, 
upholstery, bristles, and yarns. Synthetic resins are used in- 
creasingly to modify the properties of synthetic rubbers. 
Plastics sheeting and calendered compositions are proving 
increasingiy valuable for shoe soles and uppers, belts, etc., 
where formerly leather alone was used. New types of con- 
struction materials are now available to the modern designer 
involving laminates or plywood with lightweight inner cores 
or resin foams to give strength combined with lightweight and 
buoyancy. 

We are omitting from detailed discussion the tremendous 
synthetic-resin developments in man-made rubber and textiles. 

The public is rapidly becoming familiar with such terms as 
buna-S, buna-N, thiokol, and neoprene, butyl, in rubber, and 
nylon, rayon, and Vinyon in textiles. 

The plastics industry has extended far beyond its original 
scope when, in 1907, Dr. Leo H. Baekeland announced the con- 
trol of the phenol-formaldchyde reaction; when, in 1909, West- 
inghouse Electric and Manufacturing Company had used a solu- 
tion of this resin in alcohol to treat paper for insulating pur- 
poses; when, in 1910, Boonton Rubber Company used a mold- 
ing powder based on this resin to produce a small electrical part 
for the Weston Electric Instrument Company. The ramifica- 
tions since then and the impact on other industries suggest 
that the plastics industry has outgrown its name and might 
well be considered as the synthetic-resin industry. 

With this increase in scope and continued improvement in 
products has come a remarkable growth in the plastics industry. 
The WPB recently announced that 1944 showed a 325 per cent 
increase in dollar volume of plastics over 1939: For 1939, 
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$71,900,000; for 1944, $332,000,000 (1).! The total produc- 
tion for 1944, amounted to 784,137,000 Ib, of which 404,105,000 
lb were of the so-called coal-tar derivation, while 380,032,000 Ib 
were of the noncoal-tar (noncyclic) origin. In addition over 
80,000,000 Ib of cellulose-base plastics were used (2). 

Aside from the expanding usefulness of plastic material as 
such, the industry has kept pace with the specific requirements 
of new developments in engineering industries. With each 
succeeding new industry during the past 20 years have come 
plastic products to meet these new demands: Automobile 
electric ignition and starting systems, insulation requirements 
in telephone and telegraph, aircraft, radio, high-frequency 
techniques, more recently radar, television, and even essential 
parts in the atomic bomb. 

The recognition given to plastics during the recent war has 
kindled a remarkable public interest in synthetic resins and 
their utility. Books, magazines, daily papers, and the radio 
have featured new products and have prophesied fanciful de- 
velopments. With this has occurred, perforce, a certain 
amount of prodigal language and perhaps exaggerated, if not 
absurd, claims. 

As W. J. Connelly (3) recently expressed it, ‘‘Unfortunately, 
to listen to some, plastics are going to revolutionize the indus- 
trial world; going to replace glass, wood, iron, cotton, and 
wool. Still listening, you may hear that plastics are far 
stronger than steel, clearer than glass, lighter than aluminum 
and cheaper than dirt.”’ 

It is true that plastics have many outstanding properties 
and are being used in an ever-widening field of applications. 
But their utilization depends upon specific engineering proper- 
ties which indicate merit over older materials, and frequently 
in combination with such materials as wood, metals, glass, 
paper, and textiles. 


RECENT SIGNIFICANT DEVELOPMENTS 


With the ending of the war many of the applications of 
plastics to military uses were released from secrecy; others are 
still held confidential, but may be released shortly. The 
story on these uses has been appearing in the literature of plas- 
tics (4). Added to this important phase of the story of 
plastics has been the concomitant conversion of military mate- 
rials to civilian and industrial uses. The entire story involves 
new methods of processing in manufacture and in fabricating 
the product, new materials, and new end uses. 

Classification of Plastic Molding Materials. Of significant 
interest to the plastics industry and to the engineer who is using 
these materials is the recent appearance of two published classi- 
fications. The first is *‘Technical Data on Plastics,’’ a com- 
prehensive volume which was published in April, 1945, by the 
Plastics Materials Manufacturers’ Association(5). This gives 
an authoritative listing of the properties of all commercial 
plastics for molding, laminating, calendering, and extrusion. 
Its purpose is to acquaint the user with the nature, particular 


1 Numbers in parentheses refer to the Bibliography at the end of the 
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merits, and utility of various plastics with property values as 
measured by approved methods. 

The second classification was a large tabulation (6) issued 
in 1945, by the Society of the Plastics Industry. This is a 
systematic classification to promote and encourage the in- 
telligent use of plastics and to supply an engineering approach 
to the selection of the proper plastic material. It represents 2 
years of work by nearly a score of leading technicians of the 
industry. 

Heatronic Molding. Of outstanding significance to those who 
are watching the growth of thermosetting molding materials 
has been the impressive increase in the use of electrostatic high 
frequency heating. The method was first announced by V. E 
Meharg (7), as recently as March, 1943. It makes possible 
the successful molding of much larger or thicker molded parts 
than heretofore and with substantial saving in time. It ac- 
complishes the molding of impact-resistant material as readily 
as the general-purpose wood-filled materials. It makes prac- 
tical the molding of pieces thicker than */s in. from thermo- 
setting materials. Pieces 2'/, in. thick in sections may now be 
molded in 10 minutes while thin pieces mold in seconds, Fig. 1 

With the release of high-frequency equipment from war work 
the industry is rapidly changing over to this process of heating 
for many types of moldings. It was recently estimated that, 
with the first application only about 2 years ago, today over 40 
per cent of all the phenolic materials are being molded using 
this so-called ‘‘heatronic’’ method. Continued growth is ex 
pected. 

Low-Pressure and Contact Pressure Laminating. The develop 
ment of special resins and new techniques utilized to produce 
urgently required war materials today is opening up entirely 
new fields in civilian and industrial use. The standard high 
pressure-laminated products played a conspicuous part in war 
material. These use a pressure of over 1000 psi and therefore 
output was somewhat limited owing to equipment. To in 
crease the volume of production and to simplify equipment, 
low-pressure-setting resins were developed requiring less than 
1000 psi (many in the range of 100 to 300 psi) and utilizing 
rubber-bag molding technique. This was followed by resins 
which molded at 15 psi or less, the so-called contact-pressure 
resins. Cheaper and more readily obtainable mold materials 
were utilized, such as cast alloys, wood, plaster of Paris, etc 
As frequently happens, the replacement material was found to 
have genuine advantages in many types of use. The technique 
employed of forming flat, simple- or compound-curved surfaces 
in material that may be molded to permanent shape at low 
pressures extends to many types of laminates as well as to 
molded plywood and plastic-forming operations. A recent 
review by Chas. B. Hemming explains the details of low-pres- 
sure molding (8). 
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FIG. 1 HEATRONIC-MOLDED 


PARTS 
This process reduced the molding 
cycle of these portable marine 
light handles and waterproof con- 
nectors to approximately one half 
the length of time required for 


onventional molding 


The new combination of special filler materials such as 
Mitscherlich paper, woven glass fiber, sisal, etc.) with newly 
developed contact-pressure 
styrene-polyester types, allyl esters) has given the industry an 
Among these are exceptional 


resins low pressure phenolic, 


increased range in values 
strength values, good dielectric strengths and power factors 
and, most important, the ability to fabricate large areas, 
molded to contour, by relatively inexpensive methods, Fig. 2 
Fiberglas fabric as the reinforcing material in low-pressur 
laminating was one of the most important developments in the 
recent war years and now looms as a significant factor in plas 
tics development (9). Used with styrene-polyester thermo- 
setting resins, it answered the war requirement for liners for 
aircraft gasoline tanks, as the housing for radar under the name 
Radomes (10), Fig. 3, The com 
bination is strong, highly water-resistant, and with interest- 
ing electrical qualities. For example, dielectric constants at 
1,000,000 cycles of 2.7 to 2.8 and power factors of 0.004 to 


and numerous other uses 


0.008 were achieved 

The strength properties of the low-pressure phenolic and the 
styrene-polvester combinations with fiberglas are of unusual 
interest in that they begin to approach values which the struc 
turalengineerdemands. A range of recent values showing com 
parison with 24S-T aluminum and with structural steel is given 


in Table 1 


It shows impressive values for impact, tensile, 





FIG. 2 BOAT FORMED BY LOW-PRESSURE RUBBER-BAG MOLDING 
PROCESS 
(The hull is an example of a structure composed of two outer layers of 
lightweight duck, a low-density core of sisal-fiber matting, and an 
inner layer of heavy duck, all impregnated with a special compound 
based on polyester-styrene laminating varnish.) 
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TABLE 1 COMPARATIVE PROPERTIES 
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LOW-PRESSURE* LAMINATED FIBERGLAS- 


STYRENE POLYESTER RESIN VERSUS 24 S-T ALUMINUM AND STRUCTURAL STEEL 


Impact strength, ft-lb per in. notch 
Modulus of elasticity in tension, psi 
Tensile strength, psi 

Compressive strength, psi 

Flexural strength, psi 

Specific tension, psi 

Specific compression, ps1” 

Specific flexure, p 4° 

Specific impact, ft-lb per in. notch 

Spe ific modulus, psi” 


* See reference (11 ). 

® Specific tension and specific compression 
specific gravity of the material. 
gravity squared 


—Fiberglas laminate— 


Cross Parallel 
laminated laminated 24 ST Steel 
30 54 24 45 
2.5% 10° 4.2X 10 10.5 X 10% 29 X 108 
55000 77 40000 45000 
54000 68000 43000 45000 
84000 113000 64000 45000 
31500 44000 14300 577 
30800 38800 15300 577 
27400 36800 8200 740 
7a 31 8.6 5.8 
1.4X 10° 2.4X10 3.75 X 10 3.7 X 10° 


are obtained by dividing the strength values by the 
Specific flexure is the flexural strength divided by the specific 
Specific impact is the impact strength divided by the specific gravity. Specific 


modulus of elasticity in tension is obtained by dividing the tensile modulus by the specific gravity. 


compressive, and flexural tests, but lower values than the metals 


in modulus of elasticity When we consider that the density 


of these laminates may be as low as 1.69, approximately one 
half the weight of aluminum or one fifth the weight of steel, 
the values indicate extensive expansion in fields of light con- 
struction, luggage, packaging, etc. Recently experimental 
auto bodies of this type of plastic, as light as magnesium, were 
shown which will not dent under a blow that would bend a 
steel-body job (12 
Cellular-Core Laminates \ further development especially 
in the aircraft war program was the introduction of light- 
weight, high-strength ‘‘sandwich matcrials,’’ consisting of 
foamed or “‘expanded’’ resins, blown rubber, balsa wood, or 
other light-density material surfaced top and bottom with a 
sheet of rigid low-pressure-laminated material (13 For ex- 
ample, a cellular-core material alone, requiring little strength 
to break, when surfaced top and bottom with thin sheets of 
glass cloth, laminated, requires an astonishing force to break 


Reeves (9) cites the loads required to break 12 24-in. panels 





FIG. 3} RADOMES PRODUCED FOR NAVAL AIRCRAFT 
(Laminated structures of glass-fiber cloth and polyester-styrene laminat- 
ing varnish. Process shows varnish being poured over dome, after 
which assembly is wrapped in py soreps. enclosed in a rubber bag, and 


laminated at low pressure. ) 


of aluminum, commercial plywood, and fiberglas laminated 
sandwich material, each having the same weight of 1'/,4 Ib 
per sq ft. The relative breaking weights were as follows: 


Breaking weight, 


lb 
Nk RG es ass aie as 197 
OS ree re Peer ee ere ne 483 
Cellular-core, laminated................... 1163 


Industrial applications of these lightweight structural 
materials are appearing in fields of luggage, building parti- 
tions, and walls, especially in prefabricated buildings, and self- 
supporting floorings for airplanes, boats, and automobiles. 
The high insulation value of the cellular core also makes them 
of interest in refrigeration work. 

Expanded Resins. We have just discussed lightweight sand- 
wich construction containing cellular material. The first 
used in laminated types of construction were balsa wood and 
then blown rubber. There followed developments in resin- 
expanded foams, of which several types are now available. 
Some of these are of the styrene-polyester thermosetting resins 
and produce sealed interstices giving a nonpermeable, multi- 
cellular mass of very low density. Another type, consisting 
entirely of thermoplastic polystyrene, has been recently de- 
scribed (14). Weights as low as 11/2 to 2 lb per cu ft may be 
obtained. Besides insulation value and cellular-core usage, 
they have excellent electrical properties, waterproofness, and 
water-buoyancy. 

Another type thermosetting foam is produced by activating 
a liquid phenolic resin to give a low density and a ‘‘K"’ value of 
0.24, one of the lowest recorded for an insulating material. 
This value indicates the flow of heat per unit time through a ma- 
terial; the lower the value, the better the insulating material. 
A comparison of such values is as follows (15): 


Lbpercuft ‘‘K’’ value 


eR Ls, gO) ce ha Wide oa wale 4 0.26 
I ahs Jaa x cane wee A ane ae 6 0.27 
SET CORR OORT FORO Y 0.28 
a RRM ea Me, te te eat 18 0.34 
NES Sree Sats Lacan api ptaalace ) 0.26 

2 0.24 


Phenolic-resin foam................... 


For insulation construction these foams are poured in as 
liquids and allowed to expand. Thus, forming in place, they 
fill the walls of a cabinet with a rigid, lightweight, nonsettling, 
porous mass of high insulating value, a mass which further 
contributes to the strength of the entire structure, as in the 
*‘sandwich construction,’’ just described. 

Continuous Contact-Pressure-Laminating. During the war, 
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AN AMMUNITION 


FIG. 4 EXAMPLE OF POSTFORMING LAMINATES, 


EJECTOR CHUTE FOR THEI p-51l-p AIRPLANE 


considerable contact-pressure fiberglas-styrene-polyester lami- 
nates wete required for aero gas-tank lining and other purposes 
(16). In order to speed production a method was developed 
for continuous manufacture of such laminated flat sheets 
Today with varicolored or printed top sheets these contact- 
pressure laminates are being offered for wall coverings and for 
surface sheets for plywood. 

Laminated Surfaced Plywood. As an expansion of the resin- 
impregnated plywood surfacing used during the war for pack- 
aging, there is a considerable development in this for the con- 
struction, decoration, and packaging fields. Phenolic-resin- 
impregnated paper applied to resin-bonded plywood forms a 
tough waterproof skin. The laminate and the plywood may 
be bonded in one operation. This surfacing eliminates many ob- 
jections to Douglas-fir plywood, reducing surface-checking and 
gtain-raising, and offering a better surface for painting when 
required. The surface sheet may be smooth or embossed to 
give many architectural finishes. 

Postforming of Laminates. Current practice is utilizing more 
and more the forming of shaped and drawn parts from lami- 
nated stock in relatively inexpensive molds. This again is the 
continuation of war experience, particularly that gained in 
““formed"’ aircraft parts. An example here shown is the 
P-51-D airplane’s ammunition-ejection chute, Fig. 4. This 
replaced a metal chute at approximately one half the weight 
and at a reduction in assembling time from over 1 hr to 15 min. 
Also saved was the spot-welding of four individual pieces to 
complete the part. Owing to its acceptance in the aircraft 
field for semistructural and nonstructural parts, a growing 
peacetime use ts indicated. Added to its properties of strength 
plus lightweight, is the ability to form from flat sheets many 
complex and large shapes from inexpensive molds. These 
operations were recently presented by Bruce Nash (17). 

Cold-Setting Resin Glues. Progress continues in the develop- 
ment of high-strength water-resistant and weather-resistant 
glues for plywood and the bonding of wood structures. A 
recent advance is the perfecting of phenolic-resinoid glues which 
are cold-setting and at the same time provide maximum water 
resistance and durability. Not only is it possible to omit the 
former heat-curing operation, but, because of higher specific 
adhesion. many types of wood may be bonded at contact pres- 
sure 


NEW SYNTHETIC RESINS 


Research on synthetic resins is one of the most prominent 
fields in organic chemistry today. In a short review such as 
this it is impossible, and perhaps unnecessary, to cover the 
trend in resin research. Also many changes in resin composi- 
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tion and manufacturing technique are continually introduced 
into standard lines of products, with publicity emphasis given 
only to final differences in product performance. Among re 
cent new products which are significant, or others which are of 
development interest, may be mentioned the following: 

Polyethylene. Developed to mect urgent insulation require 
ments, polyethylene went into commercial production in 1943 
It was used almost exclusively for insulation of high-frequency 
wire and cable. It stands today as the material enabling us to 
take full advantage of developments in electronics, setting new 
standards in insulation of high-frequency applications. Its 
additional characteristics of flexibility and toughness over a 
wide temperature range, its low water absorption, and its 
impermeability to moisture, together with its chemical inert- 
ness, emphasize its use in containers, gaskets, battery parts, 
packaging films, chemical equipment, and flexible tubing. 

Styrene. The excellent molding and insulation propertics 
of polystyrene known in recent years were extended by the 
application of the monomer in the contact-pressure laminates 
mentioned previously. The 400,000,000-lb plant capacity, 
developed for synthetic-rubber needs, presents an impressive 
potential raw-material source. In addition there are now 
available, or in the development stage, several copolymers with 
other hydrocarbon- and nitrogen-base resins, as well as halogen 
derivations which offer improved physical properties for cer 
tain uses. As an example, higher heat-distortion tempera- 
tures may be secured. Also the availability of polystyrene- 
base materials in foamed resins, and in the form of matted 
highly oriented fibers for low-pressure bag molding, add fur 
ther industrial uses. Before the advent of such fiber mats, 
thermoplastics were not readily bag-molded. 

Organo-Silicon Polymers (Silicones). A recent development 
in a novel-type combination of inorganic-organic polymer is 
finding many new fields of uscfulness. The silicon atoms carry 
one or more hydrocarbon groups joined to the silicon through 
carbon atoms (18). Typified by unusual heat-resistance and 
excellent electrical insulation properties, silicones are being 
utilized to reduce the size and weight of electrical equipment; 
for example, electric motors. Their liquid varieties have been 
found to show little change in viscosity over large temperature 
variations. In spite of the fact that before the war these resins 
were only laboratory curiosities, their unique properties are 
today receiving close attention for many engineering and tech 
nical applications. 

Vinyl Resins. This group of elastomeric compounds (19 
were widely used in the war in a multiplicity of services which 
pointed to today’s extensive development in civilian and in 
dustrial products. They include the vinyl chloride-acetates 
(rigid and nonrigid), polyvinyl-butyral, polyvinyl-chloride, 
and vinylidene-chloride polymers. Their »roduction in 1944 
showed a 440 per cent increase over 1941, which was essentially 
in vinyl chloride-acetate polymer. This was largely used in 
flexible film material and in Navy cable insulation. The ex- 
tent of the latter use is emphasized when we learn that the 
new plane carricr Franklin D. Roosevelt contains 2272 miles of 
insulated, nonflammable, electrical cable 

The large use of vinyl polymers during the war for coating 
textile raincoats, etc., has led to recent new products in which 
the vinyl chloride-acetate resins are of the suspension or disper- 
sion type (20) which do not require the use of active solvents in 
the thinner. One class is offered as flexible textile coatings, 
another as a dispersion type for protective coatings and for 
molding. Another type of vinylidene chloride as a latex has 
been described recently (21). 

Melamine. Formaldchyde resins prepared from this trimer 
of cyanamide supplied an important war function in arc-resist 
ant molding materials and in special laminated products. It 
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has extended its use in paper treatment for wet strength, in 
textile treatment, and in hot-setting plywood glues. Its 
properties and its expanding uses place it in the field of recent 
significant developments 

Allyl Resins. First introduced in 1942, esters such as male 
ates, phthalates, etc., derived from allyl alcohol or allyl chlo 
ride have had some use in contact-pressure laminates. They 
represent a class of thermohardening materials cured by addi 
tion—polymerization, a combination of properties somewhat 
between thermosetting and thermoplastic matcrials. Because 
of their interesting properties in laminates and castings, thei 
further development is indicated 

Cellulose-Base Plastics. Cellulose acetate and acetobutyrate 
both as molding materials and films played important parts in 
the war effort. They are rated as strategic plastics, but are 
playing an even greater role in civilian usage A new develop 
ment, recently announced (22) is cellulose propionat« In addi- 
tion to improving cellulosic molding materia!s, especially in 1m- 
pact, Moisture sensitivity, and flow charactcristics, it 1s 


expected to have advantages over cellulose-acetate film and 


shect 
NEW TOOLS IN SYNTHETIC-RESIN DEVELOPMENT 


Considerable progress is being made with the adaption to 
resin research of such new tools as infrared and ultraviolet ab- 
sorption spectra, x-ray diffraction patterns (23), and the use 
of the electron microscop With these measurements we are 
gaining a better insight into the structure of resins, the ab- 
sorption bands indicating organic groups, double bonds, and 
branching 

Emulsion polymerization has been greatly aided by experi- 
ence gained in rubber synthesis of the styrene-butadiene type 
Certain advantages over bulk or mass polymerization have been 
developed. Among these are finer suspension of reacting par 
ticles; homogeneity throughout the reaction; ease of catalyst 
dispersion and simpler control. More recently, the suspension 
technique (or “‘pearl polymerization’’) has shown advan 
tages in freedom from emulsifying agents and other impuritics 
24 

Another tool that may prove of practical interest is the ap 
plication of ultrasonics. Dr. H. Mark (25) shows that ultra- 
sonic waves of 100 to 1000 microns can produce or de- 
stroy colloidal suspension, break Van de Walls bonds, or destroy 
primary chemical bonds. Permanent decrease in viscosity of 
solutions of polystyrene, cellulose nitrate, polyvinyl-acetate by 
ultrasonic waves illustrates the destruction of primary valence 


bonds 
SOME NEW-USE PRODUCTS OF STANDARD RESINS 


Many new-use products are appearing today based upon the 
experienced gained during the war for other purposes. This 
Statement is especially true in the field of flexible and rigid 
elastomeric compounds. With this wartime experience in 
new plasticizers and production methods on vinyl resins, we 
are offered an impressive list of civilian materials. These in- 
clude washable upholstery for furniture and open automobiles, 
draperies, shower curtains, raincoats, and many articles of 
clothing; shoe soles and uppers which far outlast the products 
they displace, Fig. 5. It is interesting to note that a recent 
6-month survey shows over 2,941,000 pairs of vinyl resin 
soles marketed with satisfactory consumer acceptance. 

Other developments have been in plastic film and sheeting, 
where both heat-sealing and high-frequency welding have 
speeded their usefulness in packaging and other fields. Re- 
cently announced, the flexible, nonshatterable phonograph 
record made of vinyl resin also gives clearer and more natural 
tonal qualities. Vinyl-resin printing plates cast from a phenolic 
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Plastic sheeting has introduced new design possibilities to footwear 





since uppers and soles can now be produced in contrasting or matching 
ylors 


matrix proved successful during the war in saving metal, in 
lightweight for shipping by air, and in simplifying operations 
The plates weigh only 1 Ib per page compared with 8 Ib for 
comparable electrotypes. They are expected to play an even 
greater part in civilian life (26 

The elastomeric plastics of the nonrigid types are appearing 
as distributer-cap nipples, grommets, valve seats, seals for 
holes, vibration dampers, and shock absorbers (27). Their 
civilian usage appears limitless. 

The methyl-methacrylate resins, such as lucite and plexi- 
glas, which played such an important, as well as a picturesque, 
part in the recent war, are expanding into much larger civilian 
and industrial usage. These glass-clear materials were used for 
cockpit, gun-turret, and helicopicr-nose canopies, landing-light 
covers, aircraft glazing, and numerous other uses. Their 
advantages as transparent civilian materials are too well known 
to be emphasized further. A recent release by O.S.R.D. (28> 
announces the large production of optical lenses, prisms, etc., 
made from either polycyclic-methacrylate resin or from poly- 
styrene 

Molded plywood and low-pressure-molded high-strength 
laminates used during the war as the material for PT boats, 
Mosquito planes, trainers, and gliders are today appearing as 
molded boats, lightweight luggage, automotive body parts, 
and similar uses. 

Another recent development in newer uses of standard 
plastics material is the application of phenolic-resin coatings 
to metal by means of induction heating (29). This application 
especially to steel pipes and tubing was recently outlined (30), 
as it applied to pipe lines for petroleum and natural gas, as 
well as boiler tubes, heat-exchanger tubes, etc. 


ADVANCES IN MOLDING EQUIPMENT AND METHODS 


In the last analysis, plastics research may be considered the 
handmaiden to the engineer. New materials are offered to be 
fabricated and engineered. The recent year has shown some 
significant developments in molding equipment. Among 
these may be noted the following: 

High-speed plunger molding (31) offers a mechanism to in- 
jection-mold successfully thermosetting matcrials at a very 
fast rate of speed and with the use of radio-frequency (heatronic) 
heating to preheat the preforms. This type of machine is 
speedy and is attracting considerable interest. 

The adoption of injection and extrusion molding to thermo- 
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setting (phenolic) molding material to give continuous ex- 
trusion (32) utilizes a multipurpose molding machine using a 
motor-driven screw, from which may be molded long lengths of 
phenolic-plastic pipes or tubes. 

Another recent advance is in the frictional welding of ther- 
moplastics described by R. N. Freres (33). 

Screw extrusion of vinyl resins has been used for thermoplas- 
tic wire and cable insulation. A successful method is described 
by W. F. Hemperly (34). 

One of the high costs in the molding of plastics has been the 
fine machining necessary to prepare special steel dies. It may 
be that work now proceeding on the precision-casting of steel 
may greatly reduce costs for certain requirements. Also a re- 
cent article (35) on manufacturing hydraulic molding presses 
by welding may facilitate the fabrication of such pieces over the 
conventional methods 
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DESIGN of 2 REFRIGERATED 
ALTITUDE CHAMBER 


By CHARLES J. LYALL 


NORTH AMERICAN AVIATION, INC., INGLEWOOD, CALIF. 


HE need for altitude-testing of equipment, especially 
military-type planes, is well known to members of the 
industry. The tests are important both from the stand- 
point of materials tested, and the physiological aspects as 


well 
HISTORY OF TESTING-CHAMBER DESIGN 


In accordance with the program of the author's company for 
developing better equipment, preliminary sketches of a rein- 
forced-concrete chamber were prepared in 1943, at a time in the 
war program when it was impossible to obtain boiler plate. 
Pressure-chamber facilities which then existed were considered 
inadequate for projected research and development activities. 

Hence starting with available information on equipment 
then in operation and answers to a questionnaire from inter- 
ested personnel, it was decided to design the chamber of sufh- 
cient size to permit the testing of an entire pursuit fuselage, 
rather than component parts, since the correlation of data 
taken independently is frequently undesirable 

In simulating flight, on the ground, the conditions to be re- 
produced seemed to fall within the scope of the following: 


1 Varying air densities or from sea level to a reasona- 
ble future altitude of 60,000 fr with rates of change commen- 
surate with reasonable rates of climb and dive. 

2 A temperature range extending the established 
to —100 F and the + 165 F to 200 F. 

3 All percentages of relative humidity from the satura- 
dehydration of 
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tion points of rain, sleet, or snow to the 
desert operation 

4 Velocities from a point providing only necessaryrecircula- 
tion over the heat-exchange surfaces to as high as practical 
within the physical limits of a single-stage fan application. 


Finally, accurate automatic control was required of the four 
factors cited, to produce each separately or simultaneously, as 
the test in progress dictates. 


CONSTRUCTION REQUIREMENTS 


Major items in the construction of the altitude chamber in- 
cluded the following: 

Chamber Proper. The chamber is fabricated of */s-in. boiler 
plate, 17 ft diam X 55 ft in length with supporting hoop rings 
on 3-ft centers and a domed blind end of §/s-in. plate. A chan- 
nel support girdles the tank about two thirds of the distance aft 
of the open end, resting on two fixed-position concrete pedes- 
tals, with two roller or movable supports on concrete footings 
Just aft of the main door. The main door, weighing approxi- 
mately 6 tons and incorporating an air lock, cantilevers from a 
shaft position above the front girder to counterweights total- 
ling 15 tons and is opened or closed in 1 min by a 2-hp motor, 
gcar-reduced on a 1200 to 1 ratio. 

Six 2-ft-diam view ports with multilayer windows are 
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located three each at eye level to the ground on one side and to 
the catwalk on the other, permitting visual examination of the 
entire working chamber while a test is in progress. Ten 18-in. 
access glands, five to a side, are staggered along the working- 
floor level. The air lock contains single glass windows; all 
doors are rubber-gasketed and the small inner door is built to 
withstand pressure from both sides, enabling operation of the 
lock as a physiological chamber independently of the large 
chamber. 

Insulation Installation. The entire chamber is insulated with 
9 in. of corkboard in three 3-in. layers, the first layer being held 
to the tank by the use of welded studs and clips, succeeding 
layers being wood-skewered to the first layer, and all cork- 
board set in cabin-sealer compound. High-density cork was 
used in the cork shoulders that carry the floor and fan loadings, 
with breaker strips of phenolic fiber carrying the false-ceiling 
weight through the cork to rods below. After tuck-pointing 
with a mixture of cabin sealer and cork dust, a coating of alu- 
minum paint was applied. All interconnecting refrigerant 
piping and pump are cork-lagged. 

Fan Specifications. After considerable deliberation between 
axial-flow and centrifugal fans, we decided upon the latter as 
being safer from ice-accumulation unbalance. The final selec- 
tion was a double-inlet top-horizontal-discharge arrangement 
with backward-bent backward-curved blades, and nickel-steel 
shaft. The capacity ranges from 10,000 cfm at 24-in. static 
pressure and 1700 rpm to 50,000 cfm at 3-in. static pressure and 
1700 rpm, or approximately 75 mph at the outlet with the 
possibility of coning down to 125 mph for radiator- and 
enclosure-testing. 

Heat Exchangers. The cooling coils, mounted above and be- 
low the fan, are 16 in. deep, 92 in. long X 45 in. wide, con- 
structed of copper tubes and manifolds with aluminum fins 
spaced four to the inch. With a combined face area of 45 sq ft, 
they have a capacity of 500,000 Bru per hr, cooling 3500 Ib of 
air per min from —90 F to —100 F, based upon a methyl 
alcohol-acetone mixture as a cooling medium entering the coils 
at —110 F and leaving at —105 F. 

Incorporated within each coil housing is one row of fin-type 
electrical heating elements with a heating or defrosting ca- 
pacity of 216 kw. 

Both heating and cooling capacities were designed for a rate 
of change equivalent to the average temperatures encountered 
at all altitudes up to 60,000 ft for a 7500-fpm rate of climb. 

Refrigeration System. A sublimation tank of 1/4-in. boiler 
plate, 12 ft in length X 5 ft diam, is mounted vertically and in- 
sulated with 12 in. of corkboard set in cabin-sealing compound 

In operation this tank is filled with several tons of dry-ice 
blocks over which the alcohol-acetone solution is cascaded to 
the sump bottom, where it is picked up by a 7'/-hp positive- 
displacement pump and circulated through the cooling coils, 
returning to the top of the tank to complete the cycle of heat 
absorption. The rejected heat is exhausted with the released 
CO, gas up through a 2-ft-diam stack, which also serves as a 
dry-ice chute for charging the system. 
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Evacuation Equipment. The final selection in vacuum pumps 
was an electrically driven 100-hp duplex double-acting positive- 
displacement type. The water-jacketed vacuum cylinders are 
24 in. diam with a 10-in. stroke, and are 90 deg opposed, giving 
four pulsations to each of the 277 rpm. The piston displace- 
ment of 2895 cu ft per min gives a 7500-fpm rate of climb to 
60,000 fr. Cross-heading the two 10-ft vacuum-pump inlets is 
a surge tank 89 in. in length X 3 ft wide with an 8-in. vacuum 
line through the control valves to the main chamber and air 
lock 

Magnetic Drive and Motor. The prime mover for the centrifu- 
gal fan is a 150-hp electric motor, driving through a magnetic 
variable-speed clutch with remote motor-operated controller of 
100 points for regulating fan output over a range from 300 to 
1700 rpm. Mounted on a common bedplate, this assembly 
direct-couples to the fan shaft through a double-bellows-type 
shaft seal running in low-temperature lubricating oil. 

Control Instruments. A panel board of five main instruments, 
including two recording pressure controllers, one recording 
temperature controller, and two indicating dive-and-climb 
controllers automatically controlled, through air-operated 
valves and pneumatic electric switches, the vacuum, air bleed, 
heating sections, and refrigeration. The latter is accomplished 
by cycling the circulating pump which can be reversed for 30 
sec to purge the cooling coils of low-temperature refrigerant 
when changing from cold to hot cycle az is done in most dive 
conditions. 

For test temperatures, 140 hermetically sealed thermocouples 
with automatic switching to a high-speed electronic recorder 
is located on the front side of the chamber adjacent to a bank 
of thirty manometers for pressure readings recorded on light- 
sensitive paper. 

SUPPLEMENTARY EQUIPMENT 

Minor items completing the installation include: 

1 Humidifying equipment consists of high-velocity satu- 
rated-air nozzles directed into the air stream at the discharge of 
the fan. This method has an advantage over the use of fluid 
nozzles as trouble from freezing of lines and size of water drop- 
lets are more easily controlled. 

2 Dehumidifying make-up air for human occupancy is 
handled by routing it through a mechanical drier and silica-gel 
cartridge assembly, valve-manifolded so that a dry cartridge 
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with sight-glass container is al- 
ways in reserve. 

3 The electrical installation 
within the chamber has been mini- 
mized to a dozen vaporproof in- 
candescent lights and one pressure- 
sealed plug through which run all 
power lines ending in moisture- 
proof receptacles. Wiring for each 
test will be run from this centrally 
located point as the need for it 
arises 

4 The working floor is of 2-in 
X 12-in. tongue-and-groove red- 
wood, laid crosswise to the cham- 
ber and supported on built-up cork 
shoulders, as is the fan mounting 
in the plenum chamber. The ceil- 
ing of */s-in. plywood panels cross- 
braced with strips of the same ma 
terial is supported by hanging bolts 
on 3 ft centers from the phenolic 
breaker strips previously men- 
tioned 

All woodwork is coated with phenolic varnish for ad 
ditional moisture resistance 

5 The chamber is equipped with a continuous two-way com- 
munication system with plug-in provision for headsets and 
throat or lip microphones, in addition to a centrally located 
speaker-and-microphone combination 

6 Oxygen outlets are located along the inside of the chamber 
in addition to standard portable bottles, for use with latest- 
demand-type masks. 

7 The COs, fire-extinguishing system consists of a 750-Ib 
container of the gas with interconnecting piping to points just 
upstream of the two heating sections. A remote-controlled 
solenoid valve will release the necessary amount to quench any 
fire, and the fan will accelerate flooding the chamber 

8 The 22-in-diam observation windows consist of six panes 
of tempered glass, '/, in. thick, excepting the inner or pressure 
pane which is 5/s-in. They are spaced '/4 in. apart with desic- 
cant embedded metal spacers for prevention of moisture accumu- 
lation. The entire assembly is sealed with metal foil. The 
13-in-diam assembly for the air-lock door has °/s-in. glass on 
both sides, as pressure on this section can be applied from. both 
sides. 

Access glands are provided with removable cork plugs, pro- 
viding insulation for these areas when not in use 


ADVANTAGES CLAIMED FOR ALTITUDE CHAMBER 


The major advantages in this design, other than its larger 
size, are belicved to be as follows: 

1 The basic design utilizes the waste spaces below the floor 
and above the ceiling for return-air ducts, making the chamber 
more self-contained. 

2 All four major factors of flight conditions, namely, tem- 
perature, altitude, humidity, and partial air velocities, may be 
produced in varying ratios at the same time. 

3 Rates of change in these four divisions will approximate 
rates of climb and dive in present-day performance. 

4 The full-opening door design enables assembly of complete 
tests outside of the chamber, which are then rolled in as a unit, 
accomplishing a great saving in time. 

5 From a cost standpoint, this project was completed wit! 
the reasonable budget of $66,000. 
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LAMINATED LUMBER 


Development of Processes and Machines for Production System 


By R. BROOKS TAYLOR 


HIEF, REGIONAL PRODUCTS RESEARCH DIVISION, COMMERCE DEPARTMENT, TENNESSEE VALLEY AUTHORITY, KNOXVILLE, TENN. 


NY program which has for its objective the develop- 
ment of the resources of a region cannot ignore so large 
an item as that represented by our forests and wood- 

lands. In the Tennessee Valley watershed there are approxi- 
mately 14,000,000 acres covered with trees. 

We are accustomed to thinking of trees and forests as being 
in a different category from ordinary crops produced on the 
land, largely because it takes a number of years for a tree to 
mature sufficiently to have appreciable value as a source of 
wood products; whereas other crops mature annually or at 
least biennially. American people are impatient for relatively 
quick returns on their investment, and perhaps a desire for 
early profits has militated against the adoption of the best 
forest practices 


GOOD SAW TIMBER BECOMING SCARCE 


For generations it has been the custom to remove from the 
forests and woodlands the largest and best trees for saw timber, 
and, in general, the result of this practice has been an increase 
n the proportions of defective trees and less desirable species. 
Moreover, the practice has constantly diminished tHe average 
size of the trees in the forests and the woodlands with the re- 
sult that at present there is a relatively small amount of good 
saw timber available 

At the beginning of the war the annual harvest of wood in 
the Tennessee Valley had a raw-material value of about 
$42,000,000. About one family out of eight depended for its in- 
come entirely upon the forests and forest-products manufacture, 
and part-time employment was provided for much of the rural 
population. In the forest industries the total value of annual 
wages amounted to about $40,000,000. It can be readily seen 
that substantial improvement in the utilization of the products 
of the forests may be measured also in terms of large sums. 

At the beginning of the war the average wooded acre con- 
tained 1760 fbm of saw timber and 7.1 cords of cordwood, and 
of all wood about 30 per cent was defective and unsuited for 
industrial use. The annual growth of saw timber was 
874,000,000 fbm; the drain amounted to 963,000,000 fbm;_ the 
growth of cordwood was 4,000,000 cords, whereas the drain 
was 3,000,000 cords. In one county with a total volume of 
95,000,000 fbm of saw timber and an annual growth of 
2,250,000 fbm, small sawmills in 1937 cut 35,000,000 fbm, and 
in 1939 were able to cut only 13,000,000 fbm. 


DEPLETING OUR FOREST CAPITAL 


From the foregoing figures supplied by the TVA, Department 
of Forestry Relations, it is easy to see that we have been con- 
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stantly reducing our forest capital and have not been ade- 
quately providing for its replenishment. 

At present the capital of the forests and woodlands in the 
Tennessee watershed is represented in approximately two- 
thirds cordwood and one-third saw timber. According to the 
foresters, with good forest management the average acre might 
contain 5000 fbm of saw timber instead of 1760 fbm and pro- 
duce 8 cords of wood instead of 7.1 cords. While the volume 
and growth of cordwood would change very little, the great 
change would occur in the volume and growth in the more 
valuable saw timber. Annual growth could be raised from 
60 fbm per acre to 125 fbm or more per acre with improved 
quality, and the annual value of wood products could be in- 
creased by this procedure alone from $100,000,000 to 
$250,000,000. 

Good forest management has not been practiced because it 
has not been possible to do so and stay in business. Since cull 
trees and logs cannot be removed at a profit, it is apparent that 
a method of converting such timber into profitable commodities 
will go far toward the establishment of the practice of sustained- 
vield forestry. 


PROCESS TO USE CULL TIMBER 


In exploring this field the TVA engineers went to the Forest 
Products Laboratory of the United States Department of 
Agriculture at Madison, Wis., and it was found that many 
different projects were under investigation, among which was 
a laminated board which had been made from cull-timber 
strips and which was used as flooring. The board was 12 in. 
wide, of three plies, with the top and bottom 3-in. strips par- 
allel and the center strips at right angles to the length of the 
board. Further exploration of this product at the laboratory 
indicated that if an economical means could be devised for its 
manufacture it might well command a ready and profitable 
market, and at the same time establish a good price for the 
cull timber, thus greatly increasing the impetus toward im- 
proving the forests and woodlands. 

To use small strips from cull timber, they must be suitably 
prepared, assembled in the form of laminated lumber, and 
glued together; there are many more operations in the use of 
cull timber than is common in the production of standard solid 
materials. For this reason it was necessary to consider the de- 
velopment of machines and improvement of materials-handling 
methods in order to reduce to a minimum the additional labor 
required. A study of the subject indicated that special atten- 
tion should be given to (1) the sawing of the slats, (2) sur- 
facing to close tolerances, and most important (3) a continu- 
ous-gluing machine. A study of all of the considerations 
cannot be enumerated in this paper. 

A description of the process therefore will begin with the 
logs in the yard of the mill. In the pilot plant, these logs 
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are of 5-ft and 7-ft lengths and in general from § in. to 18 in. in 
small-end diameter. 


PROCEDURES DEVELOPED IN PILOT PLANT, FIG. l 


The logs are brought in from the lot with a caterpillar lift 
truck and dumped into a small pond from which they are fed 
onto a chain conveyer which elevates them through a spray 
washer to a suitable conveyer with dogs for holding the log in 
a fixed position. The logs, Fig. 2, then pass through an ordinary 
circular saw in order to produce two flat surfaces from which sub- 
sequent operations may be measured. On leaving the circular 
saw the two parts of the log are deposited face downward on a 
power-driven roller conveyer from which they pass through a 
horizontal band resaw. This machine is equipped with a 
device somewhat resembling a caterpillar-tractor tread which 
feeds the log at a fixed rate. 

In the first sawing operation no attempt is made to split the 
log exactly in the center longitudinally. It is only necessary 
to produce two flat surfaces. The parts of the log fed into the 
resaw which are substantially thicker than 31/2 in. go through 
one side of the machine, while the thinner part goes through the 
other side, both pieces passing through parallel. The feed 
to the resaw is such that one side produces a flitch 3'/¢ in. 
thick, whereas the other side produces a board 1 in. thick. 

If the entering log sections are of such a thickness that fur- 
ther cuts may be made on the remaining slabs, they are returned 
to the feed of the resaw and passed through the machine again 
on whichever side may be indicated, depending upon the thick- 
ness of the remaining slabs. This return is automatic but the 
feed is manually controlled so that the discretion of the opera- 
tor determines into which part of the machine the returned 
Piece is to be fed. 

The 3'/rin. flitches are then passed through a vertical gang 
resaw. This resaw may be either a Swedish reciprocating 
gang saw or a faultiple band saw. In the pilot plant a gang 
of circular saws was used, but experience has shown that 
considerable further study is necessary in order to make the 
circular-ty"e saw an economical and dependable unit. The 
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other types of saws mentioned are well known. The principal 
difficulty with the circular saws may be attributed to the ex- 
cessive amount of heat generated. 

The l-in. boards coming from the horizontal resaw are 
passed through an edging machine producing slats approxi- 
matcly 1 in. X 31/2 in. Thus from either the edger or the 
vertical resaw slats are produced which measure approximately 
lin. X 3'/2in. X Sftto7 ft. The scrap, including the bark, 
is cut with a gang saw to kindling length and delivered to the 
yard for sale. 

The slats are carried by a suitable conveyer to a semiauto- 
matic kiln-truck loading device where the slats are stacked on 
the trucks for subsequent kiln-drying until the moisture con 
tent is of the order of 9 per cent. The optimum moisture 
content has not been determined precisely 





FIG. 2 VIEW IN EXPERIMENTAL SAWMILL SHOWING SPLITTER SAW 
AND FEED END OF HORIZONTAL RESAW 
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After leaving the kilns the dried slats 
are passed over a conveyer where those 
containing large imperfections are sorted 
out and the imperfections removed by 
cutting out those portions. All slats of 
different lengths are then fed through a 
machine which surfaces all four sides to 
dimensions '*/,;,in. X slightly over 3 in., 
after which they are passed through a 
vertical band resaw. They are then sur- 
faced to a thickness of 0.27 in. with a 
tolerance of approximately plus or minus 
0.002 in. A close tolerance is required 
with respect to thickness since a rela- 
tively uniform pressure over the entire 
assembled board can be established only 
if all slats in the assembly are substanti- 
ally the same thickness. 

From the final planer the better grades of 
slats are end-squared for top and bottom 
plies and the low-grade slats are cut into 
123/,;6-in. lengths All slats therefore FIG. 4 
have the same thickness and, thus pre- 
pared, they are ready to be assembled in the gluing line 


ASSEMBLING AND GLUING PROCESS, FIG. 3 


Perhaps the most interesting part of this development is the 
method by which the slats are assembled and glued together 
to produce one continuous cross-laminated board with tongue- 
and-groove edges approximatcly */33; X 12 in. in net cross 
section. The best clear slats are placed on a continuous 
moving belt in such a manner that the end joints of the slats 
are staggered. In a similar manner the second-grade slats are 
placed on a continuous moving belt for the bottom ply. The 
short center pieces which comprise the center cross-ply are 
stacked in a magazine and fed automatically. The feed belt runs 











FIG. 3} CONTINUOUS HYDRAULIC PRESS WITH INSPECTION DOORS OPEN TO VIEW 
MECHANISM OF DISCHARGE END 
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FEEDING MECHANISM FOR CONTINUOUS HYDRAULIC GLUE PRESS 


faster in each succeeding operation in order to assure a close 
contact between the ends of the slats. The slats for the top and 
bottom ply are conveyed in such a manner that the outside of 
two plies can be heated to a temperature of approximately 
200 F. This heat is applied by radiant electric strip heaters. 
There is no heat applied to the insides of these slats. The 
center cross-ply is fed from the magazine by a roller chain pro- 
vided with suitable attachments which accommodate the 
slats from the magazine, and these short pieces pass between 
electric heaters which raise the temperature of both surfaces 
to about 200 F. 

In this process, glue is applied to the inside of the top and 
bottom slats by a rolling glue applicator in much the same 
manner that ink is applied 
to the type of a printing 
press. The glue isa thermo- 
setting phenol resorcinol 
formaldehyde resin product. 
The glue must be made up 
in small quantities as a cata- 
lyst must be added immedi- 
ately before application in 
order to speed up the rate 
of setting. Since the glue 
is applied to the unheated 
surface, setting does not take 
place until the glue and slats 
are under heat and pressure. 


CONTINUOUS HYDRAULIC 
PRESS USED, FIG. 4 








The slats thus assembled 
pass into a continuous hy- 
draulic press, which pro- 
vides a length of 20 ft un- 
der pressure. The pressure 
maintained is of the order 
of 200 psi uniformly 
throughout the press. The 
speed possible in the press 
under present pilot-plant 
conditions has been deter- 
mined at 12 ft 9 in. per min, 
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and the setting of the glue is accomplished before the continu- 
ous board leaves the continuous hydraulic press. 

The press is made with a fixed plate in the top and a float- 
ing plate in the bottom. Running between the plates and the 
work are rollers of cold-rolled steel, "°/1¢ in. in diam x 12 in. 
inlength. These rollers are closely spaced and are carried by 
two roller chains in order to form an endless unit. There is 
provided a means for guiding the rollers upon entry into the 
press. Between the rollers and the work are suitable cast- 
iron pads which distribute the load uniformly over the lum- 
ber to prevent damage. Pressure is applied through the float- 
ing plate and the bottom rollers by means of a steel bellows 
inside of which a hydraulic pressure of about 200 psi is 
maintained. 

Power to operate the hydraulic press is supplied from the 
motor through a safety friction clutch and a large pinion 
gear which is meshed with teeth on the back of the cast-iron pads 
which are thus pushed through the press, activating the entire 
mechanism. The satisfactory functioning of this press is 
made possible by a means of correcting the position of the en- 
tering rolls so that the lumber passing through the press will 
not wander far from the center line. The entire press is com- 
pletely enclosed and is heated with steam coils. Additional 
heat is applied by electric strip heaters to the pads on their re- 
turn to the point of entry. 

It can be seen that in this unit the glue comes in contact with 
the hot center ply which raises the temperature of the glue to 
the point where setting will be accomplished in something less 


than 2 min. 
HIGH-QUALITY LUMBER PRODUCED 


The board which emerges from the continuous hydraulic 
press passes through a side-matching machine which finishes 
the tongue and groove. It is then cut to the desired length 
and stacked where further curing of the glue takes place due to 
the residual heat and prolonged time. It may be prefinished 
or shipped without further work. 

This machine produces a continuous board which may be 
cut to any length desired, and if used for flooring may be cut 
to the exact dimension of the room in which it is to be placed, 
thus eliminating much cutting labor and waste on the job. 
Moreover, since the board is 12 in. wide, it can be laid in a frac- 
tion of the time required for ordinary strip-type flooring. 
Since it is cross-laminated, the tendency to warp or cup is re- 
duced toa minimum. Being of solid coristruction, it has little 
if any tendency to squeak. Due to the method of assembly 
with supported end joints, it does not require a subfloor, thus 
saving additional cost for materials and labor. 

Experiments have demonstrated that the laminated lumber 
when used as flooring has less deflection under normal loads 
than ordinary solid-wood flooring, although the ultimate 
strength is not quite as great as that of a solid board of the 
same dimensions. 

Another advantage lies in the fact that by virtue of the 
method of assembly of the slats, about 95 per cent of the finished 
product will grade select or better; whereas ordinary flooring 
as now manufactured from run-of-mill rough lumber or ordin- 
ary and average logs yields only about 35 per cent select or 
better. 

The continuous method of production is particularly adapta- 
ble to prefinishing machines. However, the prefinished 
edges should be slightly beveled since a perfectly smooth floor 
is difficult to obtain due to unevenness in the surface of the 
joists, uneven tension on the nails, and for other reasons. Ifa 
completely smooth floor is required, the sanding, filling, and 
finishing should be done after the floor is laid. 
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EFFECTS OF MOISTURE 


Since the glue used in this product is waterproof, delamina 
tion will not occur as a result of moisture absorption by the 
glue. It may occur, however, to some extent, under extreme 
conditions where the moisture content of the wood is changed 
with great rapidity and over a wide range. This is because 
of the stresses set up as a result of unequa’ expansion of the 
wood due to moisture absorption. The majority of stresses 
in the plies are not caused by expansion or contraction due to 
fluctuations in temperature but to fluctuations in relative hu- 
midity of the air, with resulting variation in the moisture con 
tent of the wood. The latter may amount to more than 600 
psi.? 

A large number of service tests under a wide variation of 
conditions, however, indicate that laminated lumber thus 
manufactured will give satisfactory service under conditions 
where rapid changes in moisture content of the wood are pre 
vented. This may be accomplished by properly coating or 
sealing the wood surface exposed to air of widely fluctuating 
relative humidity, or by application to conditions where such 
wide fluctuations do not ordinarily occur. 

Tests of laminated lumber as flooring have included installa 
tions in rural residences, city residences, and department stores, 
with and without subfloor, with joists spaced as far apart as 3 ft 
It has also been installed experimentally as prefinished wall 


construction. 
MANY LABORATORY TESTS CONDUCTED ON PRODUCT 


Laboratory tests have been made by the Forest Products 
Laboratory, the wood research laboratories of Virginia Poly- 
technic Institute, and the laboratories of the Pierce Foundation 
in New Haven, Conn. These laboratory tests have been very 
severe; samples of the material have been immersed in boil- 
ing water after removal of air by vacuum and boiled for 
4 hr with subsequent complete drying and repetition of the 
cycle. Results of these tests indicate that while the wood 
checked, delamination was slight. 

The experimental work thus far has been confined largely to 


- oak, although ash, hickory, and other hardwoods have been 


used. Some of the surfaces have been quarter-sawed. There 
is no reason to believe that other woods could not be used in 
this same process, and a number of variations might be con- 


templated. 
PROFITABLE OPERATION POSSIBLE 


Since production thus far has been confined to pilot-plant 
operations, costs can only be estimated. The most important 
contribution has been the development and testing of a success- 
ful continuous hydraulic press. It appears, however, that 
with due consideration for the advantages inherent in the 
finished product, costs with respect to probable market value 
should be favorable, allowing enough for the lugs to warrant 
their removal from the forests and woodlands to make such 
removal a profitable operation in itself. 

It can be seen that this represents one attack on the problem 
of adjusting our hardwood-forest management to conform with 
good practice and aid in restoring the forest to the proper 
balance of saw timber and cordwood, providing a sustained 
yield of good lumber, as well as a good product from the cull 
material. . 

While there is much yet to be done in order to secure the 
best results, it is believed that the work thus far accomplished 
warrants initial commercial application. 

1 Calculated by G. M. Rapp, John B. Pierce Foundation, New 


Haven, Conn. Also calculated by G. H. Montillon, TVA, from 
equations given in ‘Technique of Plywood,”’ by C. B. Norris. 














Future PROSPECTS of 
the WOOD INDUSTRIES 


URING the course of the 25th Anniversary Dinner of 

the Wood Industries Division, held on November 26, 

1945, in conjunction with the Annual Meeting of The 
American Society of Mechanical Engineers, the following brief 
addresses were given by prominent members of the industry: 


The Future of Wood Gluing 
By THOMAS D. PERRY? 


HE art of gluing goes back to the era of the pyramids, 

but its industrial importance reaches back only about 70 
years. Plywood began as more or less a stepchild of the lumber 
industry and continued as such until it gained recognition in the 
aircraft of the first world war. Since then it has grown into 
a lusty branch of the wood industry, with an annual output 
exceeding 2,000,000,000 sq ft. It bids fair to attain an aggres- 
sive maturity in the next few decades. 

The plywood industry uses far more glue than all others 
combined and hence may be considered the pacemaker for the 
adhesive industry. Plywood and laminated constructions cor- 
rect many of the shortcomings of the original lumber, since 
they can be made in almost any conceivable shape, curved or 
flat, and in widths and lengths as large as can be handled. It 
has improved strength - weight factors as compared to solid 
wood. These qualities are exceptionally favorable when con- 
trasted with metals, especially with the outstanding light 
metals, magnesium and aluminum. Its durability is superior to 
lumber, since the modern resin adhesives under severe exposure 
outlast the wood itself. Plywood eliminates the shrinking and 
swelling of wood, permits the reinforcing of beautiful face 
veneers, serves as an efficient insulator for sound and heat, and 
in stressed-skin or hollow-beam constructions can be unbelieva- 
bly strong with incredibly lightweight. Much more could 
be said in its favor, but the greatest interest centers in what it 
will do for human comfort and progress. 

The following examples are purposely linked with projects 
that are practicable and are definitely under way. Some have 
been accelerated by the war urge, others in civilian fields 
have been retarded. Their rapid growth in the postwar years is 
a certainty, when labor, materials, and equipment become freely 
available and American ingenuity is given a chance to expand. 

Homes. While plywood has been important in house con- 
struction, the all-plywood house is on the horizon. The long- 
ing for smaller, more compact, and highly efficient living quar- 
ters is becoming more emphatic. Prefabrication is here to stay, 
whether one likes it or not, under the urge of lower costs and 
rapid completion. The contrast between the prefabricated 
home of the future and the clumsily built house of the present 
is no greater than between the horseless carriage of the early 
1900's and the streamlined automobile of today. 

Laminated Timbers. The strength increment of the carefully 
fabricated laminated timber over the random quality of the 
solid timber is outstanding. Large timbers, under well- 
demonstrated procedure, can be made from small trees. Bridge 
and roof trusses and arches of laminated wood have been made 
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to span 160 ft, are easy to erect, and are less hazardous in con- 
flagrations than steel. These laminated timbers can be straight 
or curved, with varying cross sections adjusted to the im- 
posed loading. It is predicted that standard-sized laminated 
timbers will be an important article of trade in the lumber 
industry. 

Furniture. Curves are more comfortable and more attractive 
to the eye than the square ends and corners that are so closely 
associated with wood products. Plywood and laminated wood 
encourage this use of appealing curvature. Opera seating, 
radio cabinets, waterfall effects in furniture, laminated chair 
backs and rockers, and body-contour reclining chairs are 
examples. 

Boats. Higgins has made one-piece hulls for 30-ft rescue 
boats dropped by parachute from airplanes. The Army has 
used thousands of molded-plywood boat hulls up to 20 ft long 
for river-ferry and attack purposes. Molded-plywood boats are 
definitely here to stay. The elimination of the innumerable 
calked joints caused by shrinkage is practicable and economical. 
Is there anyone who would not gladly pay a moderate premium 
for a one-piece seamless boat, as contrasted with the conven- 
tional lap-strake construction? Laminated hulls, stems, and 
ribs, of wood, have found wide use in PT boats and assault land- 
ing craft up to 100 ft long. The steaming and bending of heavy 
oak members and their bolting together are rapidly yielding to 
the better laminating technique. 

Aircraft. The mere mention of the Mosquito bomber-fighter 
made of plywood, is enough to evidence the value of plywood in 
aircraft. The troop-carrying glider, CG-4a, used so extensively 
for air-borne troopsand supplies is another outstanding example. 
Small aircraft will continue to be made of plywood. 

Combination Plywood. With the development of resin ad- 
hesives for paper, cloth, metal, plastic, and other sheeted ma- 
terials, plywood is being made with a wide range of interlayers, 
metal-clad, reinforced with cloth, paper and plastic faced, and 
the like, both flat and curved. 

Plywood Tubing. This has been distinctly a war development 
but has opened many vistas of new plywood uses where light- 
weight, stiffness, dielectric qualities, telescopic extensions, and 
other inherent plywood characteristics are outstanding. 
Among such applications are ventilating ducts for aircraft, an- 
tenna masts, flashlight and thermos-bottle containers, map cases, 
binnacle stands, hollow masts and spars, nonmetallic containers 
for chemicals, explosives, and the like. 

These classifications are major in character and do not include 
many less conspicuous glued products, such as skis, rackets, 
shipping drums, trays, refrigerator cars, buses, musical instru- 
ments, barrels, caskets, and a host of other products. There are 
a few superenthusiasts who confidently predict plywood bath- 
tubs, passenger-car bodies, washing machines, and other even 
more fanciful projects. However, viewing the future from a 
vantage point of more than three-score years, it would seem far 
more practicable to develop promising projects that are well 
started than to venture too daringly into new fields of applica- 
tion, no matter how alluring they may be. 

With the progress attained in the last 10 years, it is in no 
sense an exaggeration to predict that plywood volume and the 
use of wood adhesives will double or treble in the next 10 years. 
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Management Problems in the 
Woodworking Industries 
By JOHN A. WILLARD? 


VERYONE in industry who is entrusted with discharging 

the responsibilities of management is gravely impressed 
with the present need for a display of the maximum of common 
sense in Management. 

Reconversion. For a good many months practically everyone 
has been giving a great deal of consideration to his own recon- 
version problem, and the acuteness of the situation has been 
aggravated by the ending of the war earlier than had been 
expected. 

In the wood industries the problem of replacing equipment 
with wholly different machinery is relatively unimportant as 
compared with many of the metalworking plants. In a major- 
ity of cases woodworkers can still go back to producing their 
old lines of goods almost overnight, although a substantial 
portion of them do of course desire to replace machines worn 
out in the war effort and equipment outmoded by the latest de- 
velopments in productive machinery. 

There is a gnawing fear, however, expressed in the question, 
**Will the old lines sell?" So there is need for research in sales 
and markets to determine the kind of products best adapted to 
meet the changed needs of the buying public, together with 
approximate estimates of how much product can be sold. Then 
again, there is the need for developing new lines and new ideas 
to meet the encroachment of competing materials as well as 
style changes. For instance, in trailers, stainless steel and 
aluminum may well cause woodworkers to lose a good portion 
of this market. The woodworker must be prepared to meet the 
competition of substitute materials. 

On the other hand, during the war, woodworkers along 
with others learned how to subcontract work so as to achieve 
lower costs. A firm may desire either to let out some of its own 
detail jobs or take on detail jobs for others. There is a world of 
opportunity ahead in this direction. 

Methods and Plant Layout. Preplanning of processing on new 
products will be essential. Twenty years ago industry in large 
measure abandoned new plant-layout work because “‘it didn't 
save much."” Labor then was less expensive than it is now. 
The war has shown the way to rip up a layout and put it down 
again for minimum costs of production. It will be discovered 
that competition in the postwar future will make methods 
study and new plant layouts highly essential if competitive 
costs are going to be realized. 

Plant Location. 1n any production and marketing problem 
there is a nice balance of the factors tying together the relation 
of plant location to both lumber supply and delivery to the 
market. Again, the trend is strongly in the direction of smaller 
plants in order to establish a more intimate touch in labor rela- 
tions. Except for the large mass-assembly plants that occur in 
the motorcar and airplane industries, many manufacturers de- 
sire to limit the number of plant personnel to 500 employees. 
This trend to redetermine the wisdom of present plant locations 
has been accentuated by the recent decision on southwestern 
freight rates. More plants are on the move now than in two 
generations. 

Research. Research unquestionably shortened the recent war. 
As a result, scientific study has received great impetus. In the 
case of the woodworker, product design, production methods, 
substitute materials, and production costs call for added re- 


* Bigelow, Kent, Willard, and Company, Boston, Mass. Mem. 
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search. The woodworker can ill afford to neglect this road to 
progress. 

Human Relations. \n the field of human relations, especially 
with labor, management's problems seem to have grown since 
the war's end like wild cells, out of control even of most of the 
leaders. Let us hope that this growth does not develop into a 
malignancy that will destroy both the unions and industry 
itself. These problems will likely worsen before they improve, 
provided the public will stand it that long. 

Labor should not be blamed for trying to sell its services for 
the highest price. That is nothing more than the average 
woodworker tries to do. But labor must remember what it 
has apparently forgotten, in the long run the only source of 
more revenue for the worker is the worker himself. 

Production-incentive plans offer a way of providing high 
take-home pay, but only for high production per man-hour 
This device offers a sound economic answer to this high-wage 
low-unit-cost problem of postwar operation. Limitation of in- 
dividual output can be disastrous. 

America cannot live behind an economic wall in a self- 
contained economy. Labor in this country is faced with com- 
petition on a world-wide scale. It is true that we can now pay 
several times the daily wage existing in the lowest-wage-rate 
countries (China, India, and Japan) because of our high machine 
output per employee-hour, but there is a limit as to how far 
that can go. For instance, in the manual industries, like em- 
broidered lingerie, there is no way we can compete with 
Chinese, Swiss, and Filipino labor. 

The problem of improved labor relations is further compli- 
cated by the political power of any such large unified group as 
labor unions. This permits them often to disregard the public 
interest to win disproportionate demands, just as years ago 
management was equally blind to public interest. If there ever 
was a time when wisdom of a high order both in the ranks of 
labor and management was imperative, it is now. This entire 
problem is further complicated by the trend away from the de 
sire for opportunity to the desire for security, as witnessed by 
the large number of people seeking positions in civil service 


Better Use of Forest Materials 
By FRANK J. HANRAHAN? 


N the last decade or so real progress toward better use of our 
forest materials has been made. War requirements of the 
last few years have greatly accelerated this trend, and present 
indications are that future developments in wider and better 
use of forest materials will continue at a high level 
Factors contributing to this situation include the following 


1 Forest owners are coming to a greater realization of the 
potential values of their forests and better forest practices are 
being followed. 

2 Industries producing and utilizing forest materials are 
establishing new product-development laboratories, and such 
institutions as the Forest Products Laboratory and others are 
making the results of their work widely available. 

3 Many new wood products have appeared on the market or 
will shortly be introduced. Pilot plants for development work 
are coming into existence rapidly. 

4 Many industrial plants which became aware of the posst- 
bilities of wood during the war show evidence of wishing 
to continue in the industry. 

5 Greater consideration is being given to wood-product 

(Continued on page 549) 

* National Lumber Manufacturers’ Association, Washington, D. C. 

Mem. A.S.M.E 
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STANDARDIZATION of 
Matertals-Handling Equipment 


By NATHANIEL WARSHAW 


MANAGER, MATERIALS HANDLING DIVISION, MARKET FORGE COMPANY, EVERETT, MASS. 


O treatise on materials handling today would be com- 
plete without payinga tribute to the matcrials-handling 
industry for its part in the recent war effort. If logis- 

tics was one of the very important elements in the successful 
termination of the war, it follows that the function of 
handling material must likewise share in the achievements. 
Manufacturing the mechanical means of materials handling 
was surely one of the greatest contributions to peace in 
our time 

However, we are not so much concerned with what has been 
done in the past as how to make this industry a greater force in 
the future. When an industry comes of age and is a recog- 
nized element in the growth of civilization, it is time for that 
industry to take account of stock and lay a course which will 
produce even greater efforts. In some cases this happens natu- 
rally, as a result of governmental regulation, or through the 
foresight of those in the industry itself. One of the most im- 
portant means of accomplishing this result is by the standard- 
ization of fundamentals. This has worked well in other indus- 
trics and should likewise do so in this industry. Without 
standardization of fundamental elements where would the 
automobile industry, the electrical industry, the textile in- 
dustry, and other large industries be today? 

If we had had standardization in this industry for the past 10 
years, many civilian industries would not have been deprived 
of critical equipment for handling materials, and gross short- 
ages for the military would not have occurred. It is a fact that 
the Government itself had to set up materials-handling labora- 
torics which helped tremendously and should be continued by 
the industry in some way. A few fundamentals of this industry, 
in which standardization is operable, will be treated in follow- 
ing sections, but of course there are many More. 


THE STANDARDIZATION CASE FOR WHEELS 


Wheel Sizes. Wheels are fundamental elements in the manu- 
facture of all portable materials-handling equipment; neverthe- 
less every manufacturer has his own designs and sizes. This 
prevents interchangeabiliry of one manufacturer's parts with 
anothet’s and causes the manufacture of many more wheels 
than are ever used. Costs are increased, maintenance is more 
difficulr, and designers are handicapped by lack of standards. 
With the growth in use of nonmetallic materials and rubber, 
in addition to iron and steel, the matter of wheel sizes certainly 
takes on a national significance. Automobile builders have 
standardized on wheels to the great advantage of the industry 
as well as the consumer. Why not this industry? 

Most manufacturers are now accustomed to make 4-in., 5-in., 
6-in., 7-in., 8-in., 9-in., and 10-in. wheels in iron, plastics, and 


rubber. Is this really necessary? Think of the savings and ~ 


benefits if, by mutual agreement, the 5-in., 7-in., and 9-in. 
wheels were eliminated. Such standard wheels might come 
under the category of materials-handling standards; just as 
we have standard threads and standard gages. 

Standardization is really the limiting of in-between sizes for 
the common good. This does not mean that special sizes are 


not to be made at all, but that the genera] consumer would not 
be affected by the extra cost involved. Eliminating 3 sizes 
really means the elimination of 9 or more size units when the 
various matcrials are considered. 

Wheel Face. Now let us consider the matter of width or 
wheel face. A glance at a current catalogue of one manufac- 
turer shows the following sizes with nothing to indicate the 
availability of each: 


1'/;gin., 1'/2in., 11/4 in., 15/gin., 13/4 in., 2 in., 23/s in., 2'/2 in., 3 in., 
31/4, 1n., 34/2 in. 


Another manufacturer has the following unenviable list: 


1'/gin., 1?/2in., 13/sin., 17/sin., 2in., 2!/,in., 21/,in., 2'/2in., 3 in., 
31/4 in., 34/9 in. 


What one has missed the other has added. Would it not be 
more sensible to adopt as standard something like the following: 


1 in., 1'/21in., 2 1n., 2'/¢ 1n., 3 1n. 


5) 


What a boon this would be to the rubber and plastics 
manufacturers who have to make expensive molds. Just 
a@ many wheels would be sold and just as many wheels 
would be used, but inventories would be decreased and unit 
costs lowered 

The unfortunate part of cataloguing various sizes with no 
indicated standards is that it does not give the buyer any 
criterion. Consequently, some of each kind will be sold and 
used as long as they are advertised. Specifying an industrial 
standard, however, acts as a signal to the buyer who can then 
tell which size he should specify. One company cannot do this 
alone. Agreement must be mutually followed by all companies 
in the industry. 

Bearings. The next function of a wheel is the bearing. Here 
we can take advantage of some of the standardization methods 
of the bearing manufacturers. They have made it possible 
through standardization to utilize the same bore for receiving 
a bearing with different axle dimensions. 

Let us consider the roller-type bearing only, since it is most 
common; but the same procedure is possible with other types 
of antifriction bearings. Incidentally, it should be noted that 
the materials-handling industry should come out unequivocally 
for antifriction bearings in load-carrying wheels and not let the 
innocent buyer feel that the plain bearing of years ago is still 
efficient. There are some cases where they are necessary but, on 
the whole, antifriction bearings of one form or another have 
through standardization decreased so much in cost that it is a 
detriment to the industry not to urge their use on a more 
positive basis. 

Speaking of bearings, it will be recalled that one of our prime 
targets in the war, and one which cost us many casualties, 
was the bearing-manufacturing plants of our enemies. That's 
how important they were; and because our own Allies suffered 
similar losses of bearing plants antifriction bearings have been 
on the critical list until recently. 
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To return to the record, it would be a simple matter to estab- 
lish the following axle sizes for a given wheel face, and to com- 
plete the chart, it would take only 3 bearing diameters or three 
sizes of bores in the wheel: 


Face width, in...... 1 1!/, 2 2'/ 3 
Axle, in. . ; '/s 5/s 3/4 l 1 
Bore for bearing, in. 11/16 1/16 17/16 17/16 115/16 


Imagine the .savings in tools and cost of manufacturing if 
most of the roller-bearing wheels in use could be bored with 
only 3 sizes of tools. 

Hub Length. Hub length, too, is important, since it is a space 
dimension of value to the designer. As the bearing manu- 
facturers have standardized on length as well as diameter and 
furnish sizes equal to face width, it is only necessary to add 
1/4 in. to face width to obtain the hub length. 


CASTERS SUSCEPTIBLE OF STANDARDIZATION 


Just as wheels are a fundamental element in portable equip- 
ment they are likewise fundamental in casters. Casters in 
themselves are fundamental too, yet no concerted attempr has 
been made to standardize them. There is, however, a noticea- 
ble tendency in that direction on account of competition 
Years ago each manufacturer apparently deliberately varied his 
dimension so that it was distinct from his competitor. It made 
him feel that he had his customer “‘hog-tied.’’ He overlooked 
the fact that his competitor had closed the door to his competi- 
tion in a similar manner. Actually, neither gained as the 
cotal number of casters sold and used was the same. 

The number of units sold and used is important, not the num- 
ber manufactured and lying dormant on shelves in great 
variety. With standardization the amount manufactured can 
be held more closely to the demand, thereby preventing ex- 
cessive inventories. As long as there is a free market to all fgr 
sales, each manufacturer would still enjoy a volume depending 
on his design, quality, price, and aggressiveness. 

Standardizing casters is very simple; even more so than 
wheels. It is merely necessary to establish definite over-all 
heights for the casters varying with wheel diameter, definite 
top-plate dimensions, and definite-size attachment holes and 
hole spacings. As the trend toward duplication of inter- 
changeable casters by various manufacturers is quite evident, it 
would just take a slight push in the right direction to establish 
materials-handling standards for the entire industry, which 
could not fail to be of benefit to everyone. 


THE LIFT-TRUCK SYSTEM 


The lift-truck system of all handling methods is the one most 
susceptible to standardization. Like many early innovations, 
it unfortunately received widespread use before its full im- 
portance was recognized. 

Some 15 to 20 years ago the United States Department of 
Commerce recognized that the lift-truck system could be an im- 
portant adjunct to our national transportation system and re- 
commended to the manufacturers of this type equipment that 
they foster the sale of 7-in. and 11-in. lowered heights trucks. 
Lift-truck manufacturers almost since the invention of this 
handling system, made the trucks in 4 lowered heights, namely, 
6 in., 7 in., 9in., and 1lin. This caused vast confusion due to 
loss of interchangeability. More and more, qualified materials- 


handling engineers fostered the use of the largest model due to | 


the greater case in hauling heavy loads over normal obstructions 
such as elevators, thresholds, freight-car and truck differences 
in floor level with loading docks, floor obstructions, and cavi- 
ties. However, uninitiated salesmen and buyers would still 
buy the other sizes indiscriminately. As a result we have a 
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hodgepodge of what would otherwise be a national or inter- 
national handling system. 

It was unfortunate that the Government, railways, ship- 
owners, and large industrials did not fully appreciate the ad- 
vantages possible and press for standardization not of two 
models, but of one. If this had happened, today we would have 
a nationally integrated system of materials handling capable of 
saving billions of dollars in unnecessary handling. However, 
‘it is never too late to mend,"’ and it is the author's earnest 
contention that the adoption of one size of lift trucks by the 
entire industry as standard would still, in time, bring the full 
benefits of this system into more universal use. This does not 
mean that other sizes would be abolished, but they would not 
receive the attention in advertising or sales promotion that the 
one standard size would receive. 

Going a step further in standardization by adopting a 
standard lift such as 3 in., a standard width such as 24 in., and 
fewer capacities such as 3000 lb and $000 lb would promote 
greater sales, lower costs, and avoid many inadequate installa- 
tions due to lack of knowledge by the purchaser. After all, 
there is a greater degree of assurance where one knows he is 
buying an article with dimensions standardized by an industry, 
than when he just takes his pick with only an inexperienced 
salesman at his elbow. 

Standardization of lift trucks partakes of the same funda- 
mental considerations as determining the track gage of a 
national railroad system. Our railroad men in the beginning 
had foresight—the Europeans did not. As a result, we have a 
vast integrated railroad system and Europe has a definite prob- 
lem. To give a better idea of the necessity of standardizing lifts 
and capacity, two manufacturers offer the following choices: 


3 


113/16 ae a 
6000 


~- 4 
2500 3500 5000 


13/4 


2000 


15/s 


Lifts, in... 
1000 


Capacities, lb.. 
Fortunately, the cost for differences in lifts should not be great 
as it is usually not a function of labor or capacity. This is truc, 
too, within certain ranges of capacity. Imagine the difficulty 
which results from insufficient lift and capacity because all 
these models are exploited for the benefit of a few 


EFFECT ON SUPPLEMENTARY EQUIPMENT 


It should be noted too, that if the hand lift truck is standard 
ized, so too will be the skid platform, and also the electric- or 
gas-powered lift truck which serves it. The greater volume of 
these produced would again influence lower costs of products 
as well as distribution. American manufacturers have done 
phenomenal things in production, but distribution, of which 
material handling is a part, calls for even greater efforts. This 
is a real challenge when it is often true that.the production of 
an article is many times equal to its cost of distribution 

It should be remembered that voluntary standardization is a 
democratic method and part of our American way of life. If w: 
are to continue to prove that our way is the best we must be 
prepared to do things like this. If we agree that this idea of 
fostering a national system of materials handling through 
standardization is good, but do nothing about it, we must not 
be surprised if other countries with less democratic methods 
order such things by law and then outdo us later in their 
efficiency. 

It seems to the author that the future of any industry is not 
to see how many different types and models can be turned out, 
but rather to see how few; and by the same token, to find and 
discover more uses for these products. 

The materials-handl'ng industry has come of age and is 
therefore entitled to bend its every effort through standardiza- 
tion for handling the ‘‘logistics’’ of peace. 
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Future Use of COAL 


m RAILWAY MOTIVE POWER 


By K. A. BROWNE 


RESEARCH NSULTANT, THE CHESAPEAKE AND OHIO RAILWAY COMPANY, CLEVELAND, OHIO 


[ IS no secret that the coal operators and the coal-carrying 

railroads are concerned about the future use of coal for rail- 

road motive power. A short review of recent statistics, 
compiled by the National Coal Association, is enough basis for 
their concern. Thirty-nine Class I railroads were selected be- 
cause they originated 98 per cent of the bituminous-coal traffic, 
which accounts for 43 per cent of their tonnage hauled and 17 
per cent of their revenue. The 39 roads, during the year ended 
August, 1945, accounted for 60 per cent of the Diesel and less 
than 50 per cent of the steam locomotives put into service. On 
Seprember 1, 1945, these roads had on order 47 Diesels and 50 
steam locomotives for passenger service, and 65 Diesels and 
10 steam locomotives for freight service. In 1940 less than 1!/2 
per cent of all Class I railroad locomotives were Diesels but 
now 7 per cent of their locomotives are Diesel. It is no problem 
to figure out where the steam locomotive will be if this trend is 
accelerated or even maintained. 

The status of locomotive orders for all Class I railroads, as 
of September 1, 1945, is even more startling: No steam switchers 
against 223 Diesels; 50 passenger locomotives against 97 
Diesels; and 25 freight locomotives against 84 Diesels. The 
Pennsylvania Railroad accounts for all 50 of the passenger 
steamers, and that company has recently announced the place- 
ment of an order for 10 Diesel passenger locomotives of 6000 hp. 
This action does not indicate complete confidence in the new 
T-1's or the geared-turbine S-2 for all passenger operations. 
Another development is the recent announcement of R. J. Morfa 
that the Missouri-Kansas-Texas Railroad contemplates complete 
Dieselization; this from a railroad which now owns no Diesels 


FUTURE VIEW OF THE FUEL SITUATION 


The various reports on the division of our nation’s fuel re- 
serves, between coal and oil, briefly summarized as 3000 years 
for coal and 30 years for oil, should be sufficient to cause rail- 
road managements to put much more emphasis on the develop- 
ment of coal-burning motive power now that Diesels threaten 
to fill the market. Apparently, railroads are the only means of 
land transport which can economically burn coal as a fuel. 
What is the situation that would develop if our country be- 
came involved in another war some years hence, and in the 
meantime the railroads had converted extensively to oil, by 
then in large part imported? It is unlikely we will have large 
synthetic-oil production from coal to meet such an emergency, 
and the answer is simple; we would have a national breakdown 
of transportation as well as a fuel shortage for the military 
establishment. In view of the fact that in 1942 the railroads 
used as fuel oil about 12 per cent of the total output of the 
petroleum industry (a great deal of residue oil in steam loco- 
motives) as well as 20 per cent of the total coal production 
a bill of $421,000,000), we get a rough idea of the amount of oil 
required to carry on all railroad operations. 

Contributed by the Railroad and Fuels Divisions and agra at the 


Annual Meeting, New York, N. Y., Nov. 26-29, 1945, of Taz AMERICAN 
SOcIETY OF MECHANICAL ENGINEERS. 


It must be admitted that the Diesel locomotive has character 
istics appreciated sufficiently by railroads to overcome their 
higher initial costs, more expensive fuel, their much greater 
mechanical complication, and the multiplicity of units to ob- 
tain sufficient power. At least on most of the eastern coal- 
originating railroads they have no particular advantage over 
steam locomotives in motive-power cost per ton-mile. On the 
western roads as, for example, the Santa Fe, substantial operat- 
ing economies are achieved because of the high cost of coal and 
water. The value to railroads of motive power cannot be 
judged solely by costs charged to their account. This point may 


~ be illustrated by some inverse reflections on past development. 


Suppose for a moment, the railroads had been built around 
the electric locomotive with the internal-combustion engine 
for motive power instead of coal and steam, a complete reversal 
of history. Then suppose about 15 years ago some boiler shop 
had conceived and developed the present steam locomotive 
complete with its shower of smoke and cinders, its high unit 
weight and heavy axle loadings augmented substantially by 
dynamic forces, and the inherent limitation of requiring an 
expendable load of 16 to 20 lb per hp-hr, compared to 1/¢ lb. 
Many models were required to satisfy various zailroad require- 
ments, but it cost about one half as much per horsepower and 
burned coal, a cheap fuel having much traffic value, so a lot of 
them were put in service. 

The chief engineer was faced with a problem of strengthening 
a lot of his bridges, establishing large crews to clean the road 
ballast of cinders, and building large coaling and water stations 
all over the system. The locomotive operators had to move 
from a comfortable-riding, well-appointed, enclosed cab with 
good visibility, to this new model with limited visibility 
‘especially if the smoke is trailing), with a built-in ventilating 
system akin to that of an open-cockpit airplane, amply pro- 
vided with coal dust and cluttered up with a veritable wild 
garden of pipes, fittings, valve handles, various levers, cocks, 
and large but still difficult to read gages, all on top of a hot iron 
tank holding enough energy to blow the whole machine a 
thousand feet in the air. Now, the fireman, who has been 
accustomed to riding in repose and calling the signals, had to 
get busy and poke around several tons of flaming hot coal, con- 
tinually adjust the stoker control to maintain the proper boiler 
pressure, periodically blow down the boiler when the water 
level gets too high, occasionally crawl back into the tender 
amid a mountain of coal and pull rusty iron plates over a coal 
screw which would feed him into the boiler if he ets caught in 
it, and [ast but not least, make sure the water level doesn’t go 
below the crown sheet and suddenly end all his troubles. 

The general manager finds he has to have more steam locomo- 
tives to run the railroad than he used before, because these 
machines have to go out of service every month for thorough 
inspection and cleaning; furthermore, it is not easy to run 
them through a long trip as the ashpans get full and the fire 
gets choked with clinker and ash which must be cleaned by 
hand or dumped. More frequent stops are required to take on 
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tons of water and coal, which incidentally require an additional 
car for their transport. Speed on grades is reduced because the 
power output of this machine decreases as the speed falls. The 
public living or working near the tracks finds the dirt from these 
machines is a great annoyance and consequently many just 
complaints are filed against their use. Under such circum- 
stances would railroad officers consider it wise to continue 
the development and increase the use of this machine, or would 
they insist that the coal-burning locomotive incorporate all of 
the features found so desirable in the carlier development? 


CONTEMPORARY STEAM-LOCOMOTIVE DEVELOPMENTS 


Now getting back to things as they are and the subject at hand, 
a review of the contemporary steam-locomotive development 
is in order. Except for some reported European develop- 
ments, steam-locomotive designers have gradually reduced fuel 
and water consumption some 30 per cent over the last 25 years. 
Now the Baldwin T-1 4-cylinder development for the Pennsyl- 
vania Railroad, using poppet valves and extra large gas pas- 
sages, results in a further substantial reduction in water rate, 
from around 18 to 14 Ib perhp-hr(1).! However, at its highest 
firing rate, 44 per cent of the coal passes unburned out the stack. 
The Baldwin-Westinghouse S-2 geared-turbine locomotive, on 
test with the Pennsylvania, has about equal performance above 
30 mph. Both machines have a useful tractive power of 5000 
to 6500 hp, a large increase over earlier models almost wholly 
accounted for by the lower water rate rather than by an in- 
crease in boiler size. Generally, the reason given for poor fuel 
consumption is the necessity to emphasize ruggedness, simplic- 
ity, low first cost, and low maintenance. A more accurate reason 
is the necessity to force the boiler to higher and higher outputs 
without increasing its size, now limited by rail and clearances. 

The steam locomotive has not been operated in multiples 
with only one crew, hence it is uneconomical to double 
up with multiple units to reduce the firing rate on each boiler. In 
addition, the thermodynamics of a low-pressure noncondensing 
steam cycle imposes a low efficiency ceiling. The fuel bill paid 
by the American railroads constitutes by far the biggest item on 
the supply list; in 1942 amounting to about 14'/2 per cent 
of the total pay roll, nearly one half the net income, and more 
than twice the dividend payments. There is no question but 
that a major improvement in fuel economy would be of great 
value to the railroads, and to the country 

The torque-converting direct-current transmission has made 
the Diesel locomotive a reality. In fact, the advantages inher- 
ent in its use induced the General Electric Company to build a 
condensing-stcam-turbine-electric locomotive with the objec- 
tive of improving both efficiency and performance, but aside 
from its use of oil, the condenser became a major problem. This 
project was abandoned in favor of a modification sponsored by 
nine coal-originating railroads. The new design retains the 
feature of the electric transmission, but is to operate non- 
condensing. It will burn pulverized coal to improve the fuel 
consumption and climinate smoke and cinders. The attractive- 
ness of this transmission induced the Chesapeake and Ohio 
Railway to place an order with Baldwin for three 6000-hp 
steam-turbine-electric locomotives to haul a new streamlined 
train. These will retain the conventional boiler and firebox and 
carry the coal in front of the main cab. They will have flexi- 
bility and performance equal to present Diesels, but are not 
expected to show any large reduction in fuel consumption. 

All these new steam developments are worthy attempts to 
counteract the inroads of Diesel power, but at the moment 
seem to have little effect. Hence it appears quite logical to 


1 Numbers in parentheses refer to the Bibliography at the end of the 
paper. 
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assume that future developments in the use of coal for motive 
power must strike out on a new path where the various advan- 
tages now monopolized by the Diesel may be found, together 
with even lower operating costs. One of the obvious answers, 
and in many respects the best, is complete electrification, but 
unfortunately this is not an economical answer for most rail- 
roads. A few years ago this was apparently the only pathway 
open, but today there is another which promises to lead us to 
the desired goal. Reference is made to the internal-combustion 
gas turbine. 

Wartime developments in this field are so startling in their 
implications and results that the major manufacturers of air- 
craft engines have all but ceased thinking of the up-and-down 
machines for future power plants. They are all apparently 
making a frantic effort to develop some form of gas turbine so 
they will not be forced out of business in the next decade. It is 
well known that both General Electric and Westinghouse have 
sidetracked their normal business to concentrate on the produc- 
tion of this type of machine, which is both a stimulus and a 
hindrance to the solution of our problem. As a stimulus, most 
of the metallurgical and mechanical design problems are far 
advanced toward a solution, but a hindrance because no work 
has been permitted on designs for railroad use. 

There is lirtle doubt that the gas turbine will make a strong 
bid for railroad motive power. The first model has been run 
ning for some time in Switzerland, but burns oil. This machine 
was built by Brown Boveri (2). From time to time various 
papers on gas-turbine locomotive designs have been presented 
to this Society, all burning oil (3, 4, 5). The gas turbine, as 
used in the Houdry catalytic-cracking plants, has developed a 
most enviable record for availability, over 98 per cent on the 
average and over 99 per cent on improved models, as reported 
by the Sun Oil Company (6). It is pertinent to note that these 
machines, strictly speaking, do not burn oil but run on the 
products of combustion of petroleum coke on the catalyst 
Therefore we find that most of the commercial gas turbines in 
our country have been burning solid fuel from the beginning 

The very idea of burning coal inside a finely bladed turbine 
no doubt makes the average steam-motive engineer smile as he 
recalls the unsuccessful attempts to develop even as simple a 
thing as a draft blower to replace the 100-year-old steam-nozzle 
ejector stack, and then break into a hearty laugh when he 
remembers the difficulties encountered with slagging whenever 
pulverized coal has been tried in a locomotive. However, the 
circumstances are not quite the same. Laboratory work done 
at Battelle Memorial Institute indicatés that very fine ash does 
not produce alarming erosion, and there are practical separators 
today which remove everything above 10 microns, whereas the 
draft blowers had to operate in gas heavily laden with large 
coke particles. The gas turbine, by the vecy nature of its cycle, 
does not require or permit combustion of much air. Pulverized- 
coal combustion chambers, operating undet several atmos- 
pheres of pressure and burning at most a third of the oxygen, 
provide a far different problem from burning pulverized coal in 
a boiler. Combined with high air turbulence, the pressure and 
excess air permit extremely rapid combustion, resulting in gas 
temperatures up ro 1400 F, without any adhering slag. 

As an indication of the possibilities, our technicians in Ger- 
many found a vortex-type burner development at the Gortin- 
gen Aerodynamics Laboratory which had a claimed heat re- 
lease of almost 9,000,000 Btu per cu ft per hr with no carbon 
loss. Some of the preliminary experiments already conducted 
here indicate that 500,000 Bru per hr can be readily obtained at 
atmospheric pressure (7). This latter figure is sufficient to per- 
mit construction of a practical gas-turbine locomotive; there is 
every reason to believe that the heat release will be art least 
pruportional to, if not greater than, pressure ratios employed. 
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It is significant and encouraging that the Baltimore & Ohio, 
Chesapeake & Ohio, Louisville & Nashville, New York Cen- 
tral, Norfolk & Western, and Pennsylvania railroads, and the 
M. A. Hanna, Island Creek, and Sinclair Coal Companies have 
established an initial fund of over $1,000,000 within Bituminous 
Coal Research, Inc., for the development of better coal-burning 
motive power. Dr. J. I. Yellott is directing research toward 
the development of a coal-burning combustion chamber and 
associated apparatus for gas turbines (7). He has already set 
up a comprchensive research program and the results to date 
are unusually encouraging toward the early practical solution 
of this problem. However, this work will only fill in the ob- 
viously missing link in a chain of blueprints. Some concerns 
with facilities and vision must carry on, assemble all the parts, 
and reduce the machine to practice. During this procedure 
careful consideration should be given all phases of the design, 
and the ordinary practice of using some standard specialty or 
assembly because it is familiar and available must be critically 
studied. Otherwise unsuitable or unduly expensive features will 
get into production, or what is worse, the high performance, 
now only associated with electrification, may not be obtained. 


In this connection, one item is vital. 


LIMITATIONS OF DIRECT-CURRENT TRANSMISSION 


The very effective direct-current transmission has its disad- 
vantages in the form of high initial cost, much weight and 
great Maintenance expense. Some advocates of the Diesel 
engine even claim the electric drive causes the majority of 
service troubles. Applying it to the gas turbine requires a 
reduction gear to the generator, whereas the engine drives 
direct. If a Diesel engine needs the torque-converting charac- 
teristics of this transmission, a simple gas turbine as shown in 
most of the publications, needs it more. However, if the tur- 
bine is divided into a compressor drive unit and an output 
turbine (4), a torque-converting characteristic similar to the 
conventional steam engine and identical with the steam turbine 
is available. This has been adequate in the past but, if the 
free-running turbine is provided with a mechanical 2 to 1 gear- 
ratio change to the wheels, it is able to better the traction 
speed characteristics of the direct-current transmission above 
the starting range, because its off optimum speed loss is not as 
much as the electric-transmission loss. 

Furthermore, future motive power with more power per ton 
will not be able to utilize high torque conversion because of 
wheel-adhesion limits. The hydromechanical drive has been 
proposed instead of the direct-current transmission (4, 8), but 
why not a high-frequency alternating-current drive? We are 
looking for a power coupling, with a little slip to compensate 
for different wheel sizes and suppress torsional vibration, 
which can operate on two gear ratios. An cight-pole squirrel- 
cage traction motor, designed for full starting torque at low fre- 
quency, will operate efficiently at higher speeds, and will also 
be satisfactory for the same power output at twice the speed 
with part of the windings cut out to operate on four poles. A 
gear reduction to the axle can be selected to allow a four-pole 
alternator to be directly connected to the free-running turbine. 
Aside from new design work, the only apparent complication 
is the switchgear and its control. Major saving in weight and 
cost should result if this transmission is used instead of present 
direct-current designs, and the maintenance problem should 
almost disappear. Electrical losses can also be reduced because 
the design for high-speed alternating-current machinery does 
not have to accept the compromises necessary in the low-speed 
direct-current equipment. 

The initial trial locomotives surely must have provision for 
processing the present railroad coal on board so that existing 
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service facilities may be used, and probably this arrangement 
will continue as the most practical in the end. Consequently, a 
concerted effort should be made to perfect coal-handling, proc- 
essing, and feeding equipment toward the end of making it as 
effective as a tank of oil with a pump. Ash-handling must be 
equally simple and, at the moment, does not seem to be a major 
problem. 

Assuming a successful and extensive application of the coal- 
burning gas turbine for motive power takes place in the coming 
years, the railroads’ traffic problem in coal may be adversely 
affected, because (#) the new development will cut the locomo- 
tive coal consumption to one third, and (6) a great amount of 
electric power may be made at the mines by applying this same 
development to power stations no longer tied to rivers and 
lakes. However, the end result will be more economical mass 
transportation for the nation, based on power from our 
greatest mineral resource. 
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Better Use of Forest Materials 
(Continued from page 544) 


standards which will assure satisfactory service of specific wood 
products, and which will facilitate their purchase and use. 

6 Leading schools of forestry are now placing greater em- 
phasis upon development of forest products, whereas formerly 
the emphasis was almost entirely on silviculture. 

7 Engineering schools and other technical institutions are 
devoting more study to the use of forest materials 


Some of the more important specific developments in forest 
materials may be cited as follows: 


1 By-products such as alcohol, molding powders, cattle 
feeds, and water softeners have been produced from mill and 
forest waste. 

2 More efficient timber joints have been developed by scien- 
tific design and through the use of timber connectors, glue, and 
lock dowels. 

3 The commercial practice of seasoning lumber has been ex- 
tended and improved seasoning methods have been adopted. 

4 Wood products are being marketed in a form which is more 
economical and suitable for use, such as prefitted wood window 
frames and doors. 

5 Certain wood species have been found satisfactory for pur- 
poses for which originally they were considered unsuitable, 
e.g., western hemlock for plywood by Douglas-fir mills. 

6 Improvements have been made in the quality of lumber 
marketed by cutting out knots, gluing in patches of clear wood, 
and end-splicing with glue. 

7 New processes, composite constructions, new applications 
of adhesives, coatings, and impregnations have been combined 
to permit varying wood properties and shape at will. 











FACT FINDING IN DISTRIBUTION 





By FENTON B. TURCK, JR. 


PRESIDENT, TURCK, 


VER 185,000 manufacturing units make up our Ameri- 
can industry. These manufacturing units have been 
the goose that has laid our golden eggs—a high stand- 

ard of living and an abundance of equipment for victory. 
Today the factory worker, management, government, and the 
engineer have one great common objective—a golden age for 
American industry. A golden age, not created by a division of 
spoils between capital and labor but by our combined and in- 
spired effort to make more products available to more people. 

As the saying goes, ‘To stop going forward is to fall back- 
ward,"’ so that the immediate concern of the factory worker, 
management, government, and the engineer is for the con- 
tinued vital advancement of industry. But how? 

In wartime we had practically a one hundred per cent pro- 
duction economy. No unemployed. An industrial prosperity 
building up high-pressure steam of purchasing power threaten- 
ing us with inflation. In peacetime we have the 50-50 economy 
of production and distribution that at some periods drops to the 
low pressure of mass unemployment. It is this dual peacetime 
economy of production-distribution that again faces the factory 
worker, Management, government, and the engineer. 

The continued advancement of American production methods 
is imperative. But what about this joint partner of production, 
distribution? Are there some facts to justify a hope that the 
further advancement of the distribution half of our economy 
would underwrite a still further advancement of this precious 
American economy? Perhaps ‘an all-out effort to still further 
improve the distribution procedures for the products of our fac- 
tories and farms is at least one answer to this ‘‘how’’ for a 
golden era in American industry. No one is so sure of the future 
that a serious inspection of every possible ‘‘how"’ for the better- 
ment of our industria] future is not in order. Too much is at 
stake for all of us. The price of fixed prejudice is too high. 
Many facts are available on distribution and there are a number 
of successful case histories involving the thorough application of 
engineering techniques to distribution. 

At this point and at this time a very profound question may 
be asked of the American engineer: You did a great job on pro- 
duction. You engineers did a great job for the improvement 
of production methods. Can you equal or even surpass this 
record in the field of distribution? This question has not yet 
been asked. In the spirit of the progress of industry it is not 
improbable that this question may be candidly put to the engi- 
neering profession in the immediate future. It may become an 
inevitable question when the public hunt becomes urgent to 
find new ways and means for the advancement of industry. 

Since most industries, from 1914 to 1939, in fact over 94 per 
cent, are made up of manufacturing establishments doing under 
$1,000,000 of annual business, the engineer must be prepared to 
answer this question for small companies as well as large 
Organizations. The census figures of 1914, 1929, and 1939 
showed that 97.8 per cent, 94.4 per cent, and 94.8 per cent, 
respectively, of al] manufacturing establishments in the country 
represented organizations with sales of less than $1,000,000 a 
year. No one can predict when engineered distribution pro- 
cedures may be necessary for a possible major advancement of 
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industry. Weare still too close to the full flush of wartime 
expansion. 

Today many back-alley machine shops, inflated by wartime 
production requirements, regard their dreams of a possibility 
of $5,000,0C0 or more of annual business as assured. Many of 
these concerns entirely forget their prewar status when it was a 
lucky year that they could mark up $100,000 of competitive 
business. The fact that in 1939 only eight tenths of one per 
cent of all productive organizations or 1473 establishments 
represented organizations whose annual business was $5,000,000 
or over is a cold and sobering fact. It is easy to forget that com- 
panies whose wartime expansion of 20 or even 50 times prewar 
levels has been entirely based on a wartime 100 per cent produc- 
tion economy. Many such organizations find it all too easy to 
overlook the fact that wartime economy represents solely pro 
duction economy not the dual production-distribution economy 
of peacetime competitive business. 

The accomplishments of management and the engineer to the 
advancements of production have been widely reported. It is 
the purpose of this paper to set forth some of the facts relating 
to the work of management and the engineer in the complex 
field of distribution. 

The Executive Committee of the Management Division of 
the A.S.M.E. the past year accepted my definition of distribu 
tion as follows: Distribution is the total of all activities in- 
volved in the progression of goods from the producer to the 
consumer. It includes warehousing, transportation, wholesale 
and retail marketing, advertising, and a substantial part of re 
search, engineering, accounting, and financing. 

The actual case histories to be outlined are concrete examples 
of the application of engineering principles to a number of es- 
tablished distribution functions. In the March, 1944, issue of 
MecHANICAL ENGINEERING, twelve examples were detailed in 
the paper ‘‘Scientific Methods of Distribution’’ by myself and 
William E. Hill. 

The six additional case histories presented concern two types 
of distribution objectives. The first group comprises cases of 
companies who sought increased volume of sales for their exist- 
ing and established line of products through additional mar 
kets. The second group comprises case histories of companies 
who engineered a successful expansion by the distribution of 
new products. 

Each of these two groups contains a case history of a small, 
medium, and large company. Each of these examples is a fac 
tual illustration of engineering techniques applied to the field 
of modern distribution. 

While all the details of these actual case histories may not 
specifically apply to the distribution problems of any one com 
pany, the fundamentals of engineering methods used are basic 
and therefore useful to all managements with over-all ob 
jectives. 

The significance of these case histories depends on the veriti 
cation of two general assumptions. One is that distribution 1s 
a large portion of our total peacetime economy, and the other 
is that there is rudimentary and limited application of the us: 
of engineering methods in the field of distribution. 

As one example, the study by the Federal Trade Commission 
on distribution methods and costs released in 1944 broke down 
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the 1939 consumer's dollar for the household electrical appli- 
ances of 23 manufacturers as follows: 


Distribution expense, including manufacturers, 
wholesalers, and retailers......... bikie 53.35 cents 
Manufacturers’ costs of goods sold... 39.89 cents 


A similar report of the Federal Trade Commission for eight 
manufacturers of rubber tires and tubes shows the following 
relationship: 

Yistribution expense, including manufacturers 


45.92 cents 
49.90 cents 


and retailers 
Manufacturers’ costs of goods sold 


Overwhelming evidence indicates that distribution is a full- 
fledged partner with production in dividing your dollar and 
mine. In comparison to the 10 million employed in manufac 
turing operations for 1939, approximately 8 million were em- 
ployed in the field of distribution. Of the total production- 
distribution employment, 46 per cent were employed in dis- 
tribution. There are many others employed in distribution 
that are not so classified in the United States census figures, and 
therefore these additional participants in distribution have not 
been included. It would not serve any purpose to attempt here 
to estimate this additional segment. The foregoing figures are 
sufficient to indicate that solely froma standpoint of employ- 
ment the ficld of distribution is an important segment of our 
production - distribution economy 

The second assumption that there exists a limited application 
within industry of engineering methods is controversial. Un- 
fortunately only experience can be drawn on for this evaluation. 

There is a complete lack of knowledge by many individual 
companies of their own full cost of distribution. Only a hand- 
ful of companies have studied what makes up their cost of dis- 
tribution from the time the product leaves the factory to its 
purchase by the ultimate consumers 

At present many of the items that represent primary functions 
of distribution are buried in manufacturing costs and items of 
general overhead and administration costs. Until these costs 
are directly charged to distribution by a company there is 
bound to continue a major confusion between the sales, costs 
of company, and its full cost of distribution. 

Only if the field of distribution itself is an important partner 
of our production-distribution economy and if there is ample 
room for wider utilization of factual procedures will the ap- 
plication of engineering techniques to distribution prove of 
national significance. Perhaps the application of engineering 
techniques to distribution will prove the next vital step toward 
realizing a golden age for American industry. 

To illustrate successful fact finding and thorough application 
of engineering methods in distribution I will now outline six 
case histories. While company names have been omitted for ob- 
vious reasons, fully documented material is available. Know- 
ing the scarcity of examples of an all-out use of engineering 
principles in distribution, this search was directed at only two 
types of cases. The first type concerns companies utilizing engi- 
neering methods for a major expansion of new markets for their 
existing and long-established line of products. 


Case]. This company is a small organization located in the 
Middle West. In 1939 it had a peacetime sales volume of 
$333,000. The company formerly distributed its line of marine 
products through a national sales agency. It was not in direct 
touch with its market and had great difficulty in relating 
market demand to pricing, design, production, and other im- 
portant elements of its business. Furthermore, it solely made 
a manufacturing profit. 

The war interrupted the manufacture of this line and pro- 
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vided the manufacturer with the opportunity of divorcing the 
relationship with the sales agency. Approaching the wide- 
open problem of how to distribute its products after the war, 
this company based each step in the development of its pro- 
gram on an engineering investigation of the facts pertaining 
thereto. These were the principal steps: 

(a) Analysis of the market: its potential, characteristics, com- 
petitive nature, distribution methods of other companies, and 
related factors. 

In spite of the fact that the company sales had risen from 4.7 
per cent of its industry in 1937 to 11.6 per cent in 1940, the 
existing form of distribution was inadequate for progressive 
merchandising to develop the 100 per cent postwar increase of 
its market potential. 

‘b) Form of distribution: decision to distribute through inde- 
pendent wholesale distributors and one private brand, as a92inst 
distributing direct, through dealers, jobbers, or other channels. 

This program representing a reduction in the total cost of 
distribution of 12 per cent to the consumer. 


¢) Layout of territories for national distribution: by relating all 
pertinent consumer, waterways, and economic data to provide 
distributors with sufficient volume to justify a thorough mer- 
chandising job. 

This established the boundaries of territories. The potentia! 
for a distributor in a territory varied from a low of $91,500 toa 
high of $341,000. 

d) Selection of distributors: analysis, and evaluation of all 
available firms. 

These firms are now being franchised to handle this manu- 
facturer’s line. There is confidence that this program will be 
successful; it is supported by all the facts available through 
modern management research 


Case 2. The second case concerns a medium-sized company 
faced with the same problem of expanding markets for its ex- 
isting line of products. Frequently a medium-sized company is 
more limited in its ability to speculate in obtaining new markets 
for its existing products. 

Corporate history is overflowing with many industrial ex- 
amples of seeing the bone of existing business magnified in the 
reflection of the enticing waters of bigger markets. Corporate 
snapping at such illusions too frequently ends up in the serious 
loss of business from long-established customers. 

At least this one middle-sized company chose neither to rest 
on its past hard-won stability nor to recklessly jump at new 
market exploitations. Facts were sought regarding each pos- 
sible new step in distribution methods. These included a com- 
plete study on warchousing, all distribution costs by functions 
from the end of the production line to their customers; detailed 
operating statements and distribution costs involved in the flow 
of material from their customers to their consumers, function 
by function. 

This fact-finding rampage did not represent merely a statis- 
tical analysis but a complete evaluation of all services and func- 
tions performed in the existing distribution procedures of the 
company and its marketing outlets. As a result of this analysis 
twelve new corporate policies on distribution became self- 
evident. The results of this fact finding is the addition of supple- 
mentary outlets for the company's products that are complementary and 
not competitive to their existing channels of distribution. 

As a result of this study this company’s management is faced 
with an immediate increase in market coverage involving six 
major metropolitan territories together with the assumption of 
specific functions of distribution in these territories. These in- 
cluded limited branch warchousing facilities, the maintenance 
of repair-part inventories and the adaptation of an educational 
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and promotional program for the specific support of dealer mer- 
chandising. This management has always looked before it 
leaped in production and finance and consistently has followed 
a fact-finding procedure in distribution. A reputation for leader- 
ship in its industry, widespread public respect, and a sound 
financial statement are the corporate rewards for this fact-find- 
ing policy of this management. 


Case 3. The third example is a company that most everyone 
knows of but perhaps has not paused to inquire into the reasons 
for its continuous growth. After all, it has been producing the 
same product year after year since 1915. In 1921 the company 
had 34 plants and today owns and operates 141 plants. 

New and wider markets have rewarded this engincering- 
minded management. The education of new markets to the 
profitable use of their product has been deliberate. 

Market surveys have been the first move in any serious ex- 
pansion. These surveys of the market are then reduced to a 
thorough analysis of all prospects within each market. Many 
factors such as shipping costs from factory to the prospect, 
annual sales potentials by prospects, buying influences, and 
direct and indirect competition are all predetermined. This 
complete market and prospect fact finding has consistently and 
successfully opened up wider and wider markets with a consist- 
ent increase in net profit even through the depression. 


Case 4. The fourth case history represents a concern which 
in both the selection and marketing of new products resorted 
to the use of engineering techniques. The case is that of a small 
company with prewar business of under $550,000 per year. 
During the war under able and progressive management the 
company grew to thirty times its prewar size. Its main problem 
was the determination of markets in which it could most ad- 
vantageously apply its war-born manufacturing techniques 
With the purpose of determining markets, it is in order to find 
out what type of product or product lines was desired. This 
company charted its diversification program and product search 
through the use of scientific analysis. The following proce- 
dures were utilized. 

(a) Market studies in the following fields: 


Electric motors and generators. 

Roller and ball bearings. 

Agricultural machinery and equipment. 

Residential equipment. 

Railroad equipment. 

Construction equipment. 

Extensive market surveys were completed before a final 
selection was made of the market for which new products 
were to he developed or licensed. 
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(6) Selection of the railroad equipment market for new-prod- 
uct expansion. This was based on the analysis of the 7 market 
surveys as the field most appropriate to the company. The 
result was the focusing of sales, engineering, product develop- 
ment, and production abilities in this field, with outstanding 
results. ; 

(¢) A complete budget was made up representing the cost of 
new-product development and licensing. Likewise the budget 
contained the estimates of developing the distribution program 
for new products. This budget was on a three-year program. 

(d) This budget was approved by the board of directors. 
Additional manpower was added to the organization to carry 
out the program. 

In addition, the approval of the program was obtained from 
all factors in the management of the company as well as 
from the foremen and labor management committees making up 
the production staff of the organization. This complete under- 
standing of the thoroughly documented procedure had unques- 
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tionably a great deal to do with the wholehearted support of 
the complete organization that has insured the success of this 
program. 


Case 5. This example of a company whose growth has been 
through new-product lines is particularly interesting. This 
case is a middle-sized company whose primary emphasis for new 
products was based on the desire to have their product expan- 
sion along specialty lines. 

This policy is currently, as it has been in the past, built on 
their manufacture and sales ability for handling specialty 
products. New-product development is not only an important 
phase of distribution but many companies may find that meth- 
ods utilized by this case are of definite interest 

This company’s interest in the specialty products naturally 
placed greater importance on the organizations’ design and 
engineering staffs. It is therefore logical that this management 
would turn more and more to the application of engineering in 
the advancement of their distribution methods 

The first approach to the acquisition of new products was to 
define rigid qualifications for a new-product line. These are 
some of the specifications set forth: 


1 The product must perform a service that is widely used by 
the public 

2 Aconstant seasonal demand for the product over the year 
It must not have wide variations. 

3 The new product would be required to perform a service 
that is not only better but cheaper than existing methods 

4 The production and distribution requirements for the 
product must reasonably conform with the established 
procedures of the company 


In spite of these seemingly difficult and limited specifications, 
the company has not only been able to fill these specifica 
tions for new postwar additions to their line but, prewar, on 
two major occasions, likewise found product answers to these 
requirements. In addition toa thoroughly worked out product- 
development program this middle-sized organization has ana- 
lyzed the principles of distribution in the same thorough man- 
ner. These include marketing, advertising, financing required 
in handling the product and for the establishment of excessive 
service facilities. 

Successful distribution methods have been engineered by this 
company because such procedures are ingrained in a natural way 
of thinking for this management. 


Case 6. This company developed a new product that today 
accounts for 58 per cent of the expanded total of the company's 
business. 

The management of the company was engineering-minded by 
necessity of the requirements of its original line of products. 
The new line of products did not require the daily application 
of technical skill but the company used engineering technique 
in establishing its new line of products. The new-product line 
has grown from just over two million in 1927 to forty-five 
million in 1938. 

The product has been made to fit the requirements of the 
customer. This company constantly has and does study its 
markets for the answers to its price policies, sales techniques, 
and product design. 

In briefing these cases it is not intended to infer that the 
application of engineering techniques alone was wholly re- 
sponsible for the growth of these companies. Large funds and 
countless man-hours were invested in developing and applying 
these engineering methods to distribution. Fortunately today, 
according to current security and exchange calculations, Ameri- 
can industry has the cash assets with which to improve its dis- 
tribution methods. 
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EXPLORING THE MARKET 


By MOREHEAD PATTERSON 


AMERICAN MACHINE & FOUNDRY COMPANY, NEW YORK, N. Y. MEMBER A.S.M.E. 


AST YEAR when I had the pleasure of addressing a few 
emarks to this gathering I found myself in the enviable 
spot of being charged with comment upon and criticism 
of several effective speakers who had previously laid a fine 
pattern for the evening's deliberations. Furthermore, I was 
limited to ten minutes and so I felt carefree and reasonably 
confident. 1 remember the time when we were making a sur- 
vey of a market ina foreign country, about fifteen years ago, and 
we hired the head of a machinery firm to accompany us on our 
travels as interpreter and to evaluate the native reactions. He 
was very diligent and competent, and when the trip was over I 
asked him how he had enjoyed himself, and he said that he 
had enjoyed it immensely and then said, ‘I have never before 
been privileged to see so deeply without responsibility."" That 
is the way I felt las* year. But this year I find myself as the 
lead-off man at the head of the batting order and my job is 
to get on base; and, frankly, what troubles me considerably is 
regarding the question of the scope of the word ‘‘distribution”’ 
in industry. What I want to talk about may not come within 
the scope of the word ‘“‘distribution’’ as you now accept it. 
The definition of the word as approved by the A.S.M.E. is as 
follows: 

Distribution is the total of all activities involved in the 
progression of goods from the producer to the consumer. It 
includes warchousing, transportation, wholesale and retail 
marketing, advertising, and a substantial part of research, 
engineering, accounting, and financing 

And what I want to discuss is the relation of the search for 
new products to the ultimate-distribution picture. That ob- 
viously involves me in an attempt to demonstrate that dis- 
tribution activity starts when management decides to expand 
into other markets. Distribution seems chronologically to be 
the last step in putting a new product on the market. I con- 
tend that it assumes first importance in management's decision 
to launch a new venture. I believe that when management 
decides to expand its business into new markets it begins its 
distribution process right at that point. It is at that point 
where it should call in the engineering mind and point of view 
to establish the distribution policies on which the decision to 
proceed in a new market should be based. I believe that un- 
less this is done at the beginning management may find itself 
committed to a course of action and thinking which will 
seriously prejudice the success of the venture. I will give you 
an example of this which, I hope, will tic the picture together 
in your mind. 

Two years ago in Washington a friend of mine who repre- 
sented a company heavily engaged in war work came to me 
and said, ‘My company is searching for new products. We 
have a plant in Rahway, New Jersey, which has been expanded 
to seven times the size of our original plant. We know that 
Our peacetime business will fill only ore seventh of the present 
plant. What would you do under the circumstances?’’ He 
obviously thought that I was facetious when I said, ‘‘The first 
thing I would do is to tear down all of the plant that you do not 
need for your regular peacetime production.’’ But I was serious 
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because I believe that the first and most important thing is the 
market, and that it is crippling to the right-thinking to start 
with existing production facilities as the primary basis for the 
selection of new products. Ninety per cent of new businesses 
either go bankrupt or don’t amount to anything, and with those 
odds against your infant industry, a wise mother management 
will certainly give the child the most scientific formula possible 
and will certainly not hang around its neck an existing plant 
which may not even be in the right location for the best inter- 
ests of the new product. 

In other words, I am against the school of thought on new 
products which lays the primary emphasis on the existing pro- 
duction facilities of the company as the major determining 
factor in the specifications for new products. A better balance 
is illustrated by a quotation from a paper by the eminent Mr. 
Turck: ‘‘Before any direct action was taken by the company, 
a number of engineers were employed to investigate thoroughly 
seven different industries—other engineers at the same time 
made a complete investigation of the company itself to find out 
how its aptitudes and facilities would match the opportunities 
disclosed."" This is, of course, a statement of the ideal pat- 
tern for new-product selection, and you will notice that first 
position has been given to markets; second, to aptitudes; 
and third, to facilities. Inagreeing completely with this order, 
I maintain that ‘‘facility thinking,’’ as demonstrated in the 
foregoing example, will cripple the best attempts to select 
new products. That is why I advise tearing down the plant 
before considering new products and determining on the facili- 
ties only after all the other very important factors have been 
studied and approved. If you start thinking about bricks and 
mortar and machine tools, you will find yourself making by 
job-shop methods a product that should be die-cast, or stamped, 
or drawn in order to meet the requirements of the market—and 
you will go through literally years of headache betore you can 
reverse the process. In other words, start your thinking in 
terms of needs and markets and not in terms of your own facili- 
ties. Progressive alert management, having found the proper 
combination of a market and a product tailored to that market, 
should certainly be able to provide optimum facilities in the 
optimum location for production. I must emphasize that 
any other facilities and location than the optimum amounts to 
feeding your baby on the wrong formula. 

Just suppose that your thinking is tied to a plant in Rahway, 
New Jersey, and your new-products committee finds an excellent 
product suited to your facilities, but with a chief market in 
Texas and California. One of two things is sure to happen—’ 
either you will turn down the product on the ground that it 
cannot be manufactured and distributed profitably from your 
plant in Rahway, New Jersey, or, worse still, you will try to 
manufacture and distribute from Rahway, New Jersey. 

So let's try to develop an over-all specification for new prod- 
ucts, which emphasizes the market and see where we come out. 

I told you before that I have been steeped in this question for 
ten years, and I have boiled down the formula, on which I 
personally proceed, into three principles or tests which I apply 
to new-products consideration. I apply it to machinery mat- 
ters, because that is my business—the production of automatic 
and semiautomatic light machinery. 
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The first principle is that the market should be broad in 
dollar volume. 

The second principle is that it should be relatively un- 
mechanized and have a good patent picture. 

The third is that we must be able to acquire the services of at 
least one individual who knows the industry or market thor- 
oughly, who has worked in that market for a number of years, 
and who has made a success in that market. 

Let's ask ourselves first, what kind of a market we want. 
My first answer is the obvious one, it should be large. If weare 
ambitious enough to want to expand, we want to pick a market 
big enough to accommodate us and potential competitors. 
Navigating the Queen Mary in the East River would be a job 
that few prudent men would attempt, but what is the differ- 
ence between that and the following example that came to my 
attention recently. A company with its eyes open went into 
a market (business) where the total over-all annual sales were 
three million dollars. There were already two well-established 
competitors, and the company’s own financial and production 
analyses showed that they would require sales of $600,000 to 
break even—$600,000, or twenty per cent of the total market 
to break even! I submit that this violated the first principle of 
market selection. That, after all, is the point where we can 
tie new-product searches and techniques into distribution in the 
broad sense of the word. Just as your distribution in California 
from Rahway, New Jersey, might be impossible and costly, so 
distribution in a small inelastic market becomes costly and im- 
possible. 

You can readily see the reasons for asking a large market. 
They are simple kindergarten reasons; but there is one ques- 
tion that comes up immediately: Would I include in this 
specification a very broad potential market, the development 
of which, however, must await the demonstration of the new 
product? 

Let me illustrate. This is purely an example and not an 
actual! situation: Suppose that it were possible to dehydrate a 
loaf of bread and wrap it so securely and hermetically that it 
would keep for a month. If this could be done, the housewife 
might accept a’month's supply of bread mailed from a central 
distributing point, say, Chicago. This would of course do 
away with local bakeries, the selling of bread in local retail 
stores, and the delivery of bread by truck, as well as the return 
of stale loaves, with all the problems involved in that. The 
market for bread is truly gigantic, but such a program involves 
so much change in the habits of that market, that I think you 
will agree with me that such a scheme would be classed as very 
remote and should be approached with the utmost caution. 
I know of no methods of survey or scientific study that would 
help management decide on the advisability of spending time 
on such a market, and I would therefore say that, as a general 
principle, a product cannot be considered as having a wide 
market within our present definition under these conditions. 

In exploring a market, we make what we call an ‘‘outside"’ 
report before deciding on new developments. An outside re- 
port answers the questions: Is there a service that can be 
rendered for which a market will pay, if somebody will set him- 
self up to render that service? How is that service being 
rendered now? How well and at what cost to the market? 
And, finally, how much will the market pay for better service? 

You will notice that this outside report has nothing to do 
with the facilities or the abilities of the company itself. _It is 
a study in detail of the market and of the opportunity pre- 
sented. It answers only the question: If somehody is good 
enough to render this service, will the market willingly pay 
for the service and how much? 

Now, suppose the outside report demonstrates that there is 
a need for a service and that the market will pay substantial 
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sums to anyone who may render this service, management 
must ask itself the next questions: Are we the people to do it? 
Have we the aptitude? Do we know the answer and can we 
meet the price? Once you have answered these questions, 
which may involve a long period of development, your new 
venture is launched and your distribution policies should fol- 
low easily because you have laid the basis for them by sound 
study and reasoning from the very beginning 

I pass over my second specification lightly. Again, it is a 
kindergarten point. We all dream of a field—a broad market 
in which we have no competitors and a strong patent picture. 
There are all degrees of such control and each company must 
decide for itself what its specifications are in assuming the 
risk. But don’t omit a thorough study. Remember, how- 
ever, that the strength of your exclusivity in a market has 
much to do with your distribution decisions 

Finally, and very important is my third specification. With 
all the tremendous necessity for fact finding, and study, and 
analysis that is required in a new market, with all the surveys 
must go the basic ingrained knowledge of at least one man 
who has learned the intimate characteristics of the market. 
He must have learned them by working successfully in that 
market fora period of years. Youmay think I am backslidinga 
bit by making this requirement at such a meeting as this where 
our purpose is to call engineers “‘holy."’ On the one hand, | 
tell you that you should not rely solely on the advice and 
knowledge of this man but should supplement his ideas and 
background with thorough engineering studies. On the other 
hand, I would, with equal insistence, advise management not 
to accept engineering surveys and analyses without the leaven- 
ing influence of a properly selected man who has lived with the 
market. Only in that way can the engineer be sure that he has 
ferreted out every nigger in the woodpile. 

I remember the story, which dates back to the early part of 
the century, of a syndicate who was on the point of signing a 
contract for a machine to make bricks, where straw and clay 
and water were put in one end and out came the bricks at the 
other, ready mixed and formed, ready to go to the oven. The 
syndicate was very enthusiastic and was completing the details 
of the contract, and expected to sign it the following Tuesday. 
One of the members of the syndicate was an engineer and, over 
the week end, he happened to be in the country and he drove 
past an old brick-baking yard. He got into conversation with 
the head of the yard, who had been in brick-baking all his 
life, and he asked him what he thought of such a machine as 
had been presented to the syndicate. The old fellow looked at 
him and asked him just one question: ‘‘Have you baked any 
of them bricks?’’ and the engineer had to admit that they had 
not. When they tried it, they found thar all the bricks made 
by the machine curled up when they wer: baked. 

So, in my last specification, I am really saying that wise 
management will equip its engineering explorers in the new 
product jungle with a native guide who knows the paths and 
byways of the market by instinct, and fee!, and experience 

My anecdote shows the importance in development of 
leaving no stone unturned before you commit yourself to a new 
venture. 

My knowledge of the habits of elephants is based entirely on 
hearsay, but I am told that the wise old elephant tries one 
foot on a bridge before committing his bulk to something 
which may let him down. In the same way wise management 
will make a thorough study of the distribution requirements 
of new products before it ventures into new markets and will 
avoid the pitfall of finding itself with a beautiful but unsalable 
high-cost product; ard will thereby avoid the embarassment 
of.solving the distribution problem by presenting the first 
and only model to the Smithsonian Institution. 
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HOW TO BE A SECRETARY 


AND ENJOY IT! 


By DONALD THOMPSON 


SECRETARY-TREASURER, WEST VIRGINIA SECTION OF THE A.S.M.E. 


O NOW you're the secretary! You've seen it coming, 
of course, but tonight's count of the ballots has made it 
final. Like the political prisoner facing the crowd at the 


foot of the guillotine, you are insensible neither of the honor 
nor of the obligations of your position. It is of the obligations 
that you must now begin to think. 

There are about two hundred, or seventy-five, or one hundred 
and fiftv, in vour Section. It is neither a very large nor a very 
small section, but of the seventy sections in the S.iety more 
than forty are like yours. These sections are held together 
largely by the activities provided for them by their officers 
Of these officers perhaps the least dispensable is the secretary. 

Just what is your job as secretary? It is not necessarily the 
determination of policy. It is not necessarily the selection of 
programs. But you are certainly the instrument through which 
policy is effected and programs arranged. And when, through 
press of business or other interferences, your executive commit- 
tee cannot get together to lay down policy or your program 
committee to select programs, it is up to you as secretary to 
carry on in their absence. The responsibility of providing 
your members and potential members with a year of stimulat- 
ing activity is, failing all others, yours. 


GET GOING EARLY! 


Your elections have been held in the spring and you take 
office in June. Now, while the novelty of your new position is 
fresh upon you and your enthusiasm is high, is the time to be- 
gin making plans for the year ahead 

You read the “‘Manual for Operation of an A.S.M.E. Sec- 
tion."’ On the first page you find confirmed what you have al- 
ways believed: ‘The average member obtains the major benefits 
of his membership through the activities of his Section."” Here 
also you find answers to many of the questions about which you 
have been wondering 

Your chairman should call a meeting of your Executive Com- 
mittee early, before the summer is well started and vacations 
interfere. Policy and programs should be reviewed. Has the 
vear just passed been all it might have been? Have your activi- 
ties been sufficiently varied to interest all your membership? 
How about developing technical programs from within your 
own membership? What about civic affairs, social affairs, 
Inspection trips? 

Perhaps at this time a questionnaire to the membership will 
be useful. Such a questionnaire might list kinds of activity the 
Section might engage in and solicit an expression of views. 
Subjects for technical meetings might be listed and voted upon 
in order of preference. The results of such a vote may surprise 
some executive committees who feel they know what their 
members are interested in. In a list of thirty subjects sent to 
the members of one section of which seven were to be selected 
by voting, the last two, added as an afterthought, were over- 
whelmingly the most popular! 

In listing possible subjects for technical meetings the A.S.M.E. 
Speakers’ List is, of course, most helpful. But don’t stop 
there. Look over the Sections news in your back numbers 
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of MecHanicaL ENGINEERING. Many a provocative idea lies 
buried in those summaries of what other sections have been 
doing. And if your Region is well-organized and your vice- 
president has been getting around, you have been receiving the 
program notices of other sections in your group and these will 
be suggestive, too. 

You and your members like to think that the industrial 
nature of your community is not quite like that of any other 
in the country. Perhaps an original paper aimed directly at 
the special needs of your area may develop into the leading 
program of the year. And do not overlook meetings civic or 
professional in character. At least one of each is needed in a 
year of well-rounded programs. 


FISHING FOR SPEAKERS 


You're not much of an angler but you do enjoy working up a 
stream in the late spring, casting your hook expectantly into the 
enigmatic depths of pool after pool. Now you must do an- 
other kind of fishing with a letter for your lure. You are inter- 
ested in bringing to your community a man who will create a 
meeting of value for your members, and at as little expense to 
the Section as possible. What has your community to offer 
the speaker? One common attraction, of course, is the prestige 
that results for a speaker and his organization from a well- 
received technical meeting. Many public and semipublic or- 
ganizations provide speakers as a regular part of publicizing 
their activities. On civic and professional matters especially, 
many a top-flight engineer has such a sincere interest that he 
will make a speaking engagement at little or no expense to an 
active section. 

The point is that on a subject of real local interest the speaker 
and the section both profit by being brought together in a tech- 
nical meeting. 

In developing a subject with a proposed speaker do not 
neglect to educate him to the special nature of your commu- 
nity. Obviously a different approach is needed for a group of 
mechanical engineers in a machine-tool center than for an- 
other group in an area of process industries. 

Fishing for speakers is fun. You never know just what kind 
of a strike your bait will produce. One well-known aircraft 
manufacturer accepted an invitation to speak with a one- 
sentence letter. To further correspondence establishing a defi- 
nite date he replied with a second letter even shorter! As 
might be guessed, this gentleman's personality was striking, 
and the meeting was a huge success. 


FALL FOLLOW-THROUGH 


You have spiced your summer with letters to engineers all 
over the country in the process of acquiring speakers for your 
fall and winter programs. You have discovered with sur- 
prise and pleasure that almost everyone will readily agree 
to a speaking engagement six months or more away. As fall 
approaches you relax with satisfaction at the succession of 
meetings to follow one another into the winter with speakers 
all engaged. 
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Your chairman has called an executive-committee meeting a 
month or so before your first meeting to review plans. You dis- 
cuss your meeting place and agree to continue at the hotel you 
have been using for several years past. Your meetings are not 
particularly profitable to the hotel but the management is in- 
clined to make concessions because of the prestige of your or- 
ganization. Your chairman appoints a committee of three of 
your most hardheaded members to deal with the hotel manager 
in securing ironclad reservations for the largest room in the 
place. You have a regular meeting day every month and can 
make reservation for the entire year at one time. 

Meeting notices have been interesting you recently and you 
have received from Headquarters samples of those used in other 
sections. You visit a printer and finally evolve a standardized 
notice, in which only the body changes from month to month 
This notice is not quite as elaborate as you might desire but it 
falls within your budget. You estimate your needs for eight 
meetings and the printer makes his price on the lot. 

As the time for the first meeting approaches you go over in 
your mind the letters you have written and the speakers you 
have engaged. As you recall the advantages in appearing 
before your Section you have presented to the speaker, you area 
little abashed at your brashness. Suppose the turnout is dis- 
appointing! For such a fiasco you would feel only yourself to 
blame This meeting must be pro- 
moted 

You consider the subject and it occurs to you that the local 
section of the A.I.Ch.E. will be as interested in it as will yout 


Circumstances are against making this a joint 


Something must be done! 


own members 
mecting but you consider inviting the members of the other 
society as special guests. A few phone calls establish that 
such a procedure is agreeable to your executive committee as 
well as to the officers of the other society, and the thing is 
done. 

Instead of the usual one hundred and twenty-five, your speaker 
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now confronts an audience of well over two hundred which 
fills the room. Such a gratifying turnout encourages him and 
he responds in proportion. Discussion is more spirited than 
usual because another point of view is present. Nonmembers 
leave with the conviction that this is a vital activity in which 
they should share and potential members are thus created. 


CHEERS AND CHORES 


From now on your meetings follow one another with orderly 
After cach mecting you devote an evening to 


regularity. 
You write your speaker, bring- 


drawing a bead on the next 
ing him up to date on arrangements and requesting his photo 
and other publicity material. To the speaker of the meeting 
just concluded you send a thank-you note, cheering him for the 
good points in his talk and ignoring the bad, and including 
such details as attendance and press notices. These letters 
are fun burt you still have one or two chores todo. You send an 
abstract of the meeting just past to Headquarters for publica- 
tion in MecHanicat ENGINEERING as well as the announce- 
ment of forthcoming meetings. Finally you put together the 
copy for next month's meeting notices and get it ready for the 
printer. 

Upon this basic frame of cight meetings many other activi- 
ties are hung. An inspection trip is worked in between two 
meetings in the fall and another in the spring. State licensing 
proves to be a problem for some of your members and a forum 
is held on the subject. To the meeting of the Regional Execu- 
tive Committee, to which perhaps you are the delegate, you 
bring the views of your Section on Society management 

A vear of meetings is drawing to a close and with it your term 
of office. The contemplation of these well-attended meetings, 
many of them shared by sister organizations in your commu- 
nity, the members of whom you have come to know so much 
better, fills you with satisfaction. It has been a rewarding 
experience for you but now it is time to let someone else share 


in the fun. 





A UNIQUE METHOD OF VOLUME DELIVERY FOR VOLUME PRODUCTION—6 AIRPLANES IN ONE TRUCK! 
(The six Cessna 140's lined up behind the truck are representative of the same number of planes which have already been neatly packed in the 


truck. 


To supplement its flyaway schedule, the Cessna Aircraft Company of Wichita, Kansas, is now delivering a portion of its volume pro- 


duction by this unusual method. Transporting planes in this manner offers the customer the advartages of receving a brand new plane, on 
which only the hours required for testing have been logged, at a lower cost, because transporting six at a time results in a considerable saving 
in transportation charges.) 











BRIEFING THE KECORD 


Abstracts and Comments Based on Current Periodicals and Events 





ATERIAL for these pages is assembled from numerous 
sources and aims to cover a broad range of subject mat- 
ter. While few quotation marks are used, passages that are 
directly quoted are obvious from the context and credit to 


original sources is given. 


Peacetime Atomic Power 


N the April issue of Mecnanicat ENGINEERING, pages 351- 
352, material was published which revealed the thoughts of 
some well-known scientists concerning the peacetime uses of 
atomic energy. Electrical Engineering for April contained three 
articles which also reflected the views of other recognized 
authorities concerning the role of atomic power in the postwar 
irld, with emphasis on possible applications and the eco- 
ymics involved. The articles were based on addresses pre- 
pared by C. G. Suits, vice-president and director, research labo- 
ratory, General Electric Company, Schenectady, N. Y., Philip 
WW. Swain, member A.S.M.E., editor, Power, McGraw-Hill 
Publishing Company, Inc., New York, N. Y., and J. A. Hutche- 
associate director, research laboratories, Westinghouse 


Electric Corporation, East Pittsburgh, Pa., for the symposium 
on nuclear energy held during the American Institute of Elec- 
trical Engineers’ 1946 winter convention in New York 

In addition, the February, 1946, issue of The Lamp has re- 
printed an article, ‘Petroleum Vs. Plutonium,"’ by Dr. Clark 
Goodman, professor, Massachusetts Institute of Technology, 
adapted from a paper read at the 1945 annual mecting of the 
American Petroleum Institute, which contains some interesting 
facts about the possibility of atomic energy replacing petro- 
leum, coal, and water power as an economical fuel. 

Because of the potentialities of atomic energy as an instru- 
ment of peace it is felt that the views of Suits, Swain, Hutche- 
son, and Goodman on this subject, should be published as a 
supplementary article to the one in the April issue of Mecuani- 
CAL ENGINEERING. 


C. G. Suits 


When he spoke of prospective applications of nuclear 
(atomic) energy, that is, of chain reacting piles, Mr. Suits 
said that the fact that these piles must be large immediately 
precludes a host of low-power applications. Automotive 
power is out. Railroad locomotive power is almost certainly 
out. Large-ship propulsion seems not only possible, but at- 
tractive, though on a strategic rather than a competitive basis. 
An advantage gained in the space required for fuel is offset 
partly by the space required for shielding. Evidently a de- 
tailed research and engineering study will be required to evalu- 
ate this application. Perhaps large electric power plants are 
practicable in areas, Australia for example, where there is 
Practically no conventional fuel but abundant natural re- 
sources of many other types. Atomic power plants for electric 
power generation probably, at some time in the distant future, 
will compete successfully with coal, oil, and water-power-ener- 
gized plants. In fact, this ultimate possibility is an important 
hedge against long-range exhaustion of the natural oil and coal 


reserves. However, it should be borne in mind that there is 
nothing in the present status of nuclear research to justify the 
hope of direct conversion of nuclear to electrical energy and so 
this competition with conventional fuel, in so far as is known to- 
day, must be evaluated from a consideration of heat production 
as a step in the conversion cvcle. 

In a typical modern steam plant, the cost of generating elec- 
tric power may be made up of the following items, which, of 


course, do not include transmission and distribution costs: 


Costs in 
cents per 
kwhr 
Fuel. oo @ 2s 
Plant investment 0. 25 
Plant operation : 0.1 
Other ais 0.1 
0.7 


It is clear that a reduction in the cost of fuel to zero, as in the 
case of the free potential energy in a water-power generating 
plant, will provide some, but not a spectacular reduction in the 
cost of electric power, as the many other factors which enter 
into the cost of power delivered to the consumer will remain 
unchanged. 

What must be done to make nuclear energy successively more 
competitive with conventional fuels? The required steps are 
very clear and are primarily research steps. The basic prob- 
lems of isotope separation must be studied. The physical and 
chemical reactions of the pile must be studied exhaustively with 
heat production rather than bomb materials as the objective. 
The host of serious metallurgical problems associated with the 
strength, durability, and radiation properties of alloys under 
intense neutron flux must be solved. The health and protec- 
tion problem must be systematized and simplified. Finally, 
and most important basic scientific knowledge must be reduced 
to engineering practice. This all requires a comprehensive 
research-development-engineering approach with long-range 
objectives. 

In the immediate future the techniques and materials of 
nuclear reactions will be a tremendous stimulus to research in 
physics, chemistry, metallurgy, and the biological sciences. 
It is questionable, however, if these things, as important as 
they are, can be compared in importance with the ultimate 
possibilities of nuclear power. The outline of this atomic age 
of the future is perceived as dimly now as was the shape of the 
electronic age when the Edison effect first was discovered. 


P. W. Swain 


Mr. Swain presented his address on an ‘“‘if’’ basis, maintain- 
ing that he did not know the present and estimated future cost of 
natural uranium, the present and estimated future cost of natura] 
uranium sufficiently purified for use in piles, the present and fu- 
ture cost of uranium 235 in various concentrations (in U 235- 
U 238 mixtures), the pile efficiency obtainable with various 
concentrations, and the maximum practicable temperature of 


pile operation. 
‘*Fortunately,"’ he said, “‘the world does know the composi- 
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tion of commercial uranium and the energy released by the fis- 
sion of U 235. Natural uranium contains 0.7 per cent of U 235; 
140 pounds of natural uranium contains 1 lb of U 235. The 
complete fission cf the atoms in one pound of U 235 releases in 
heat energy 11.4 million kwhr, 39 billion Bru, 30 trillion ft-lb, 
or the heart in 1400 rons of good coal. 

“The daily operation of the big carbon-uranium piles at 
Hanford, Wash., is proof that natural uranium can be used to 
generate heat at a controlled rate, with the artificial element 
plutonium as a by-product, even though at Hanford the plu- 
tonium (substitute for U 235 in bombs) is the product and 
the heat an unwanted by-product wasted to the Columbia 
River at the rate of several hundred thousand kilowatts. 

“To work at all, a natural uranium pile must be very large 
With only 0.7 per cent of U 235, natural uranium is a very 
‘weak’ atomic tucl. One might view it as the nuclear equiva- 
lent of a very high-ash lignite disinclined to burn ar all. If the 
pile is too small, it will not maintain a chain reaction. Also, 
if the natural uranium pile becomes too hot, the neutrons are 
speeded up, make fewer nuclear hits, and the chain reaction 
dies out unless the pile is made extra large to protect against 
this 

“If the U 235 is enriched 
0.7 per cent by the gaseous diffusion process or other means 
a smaller pile can be made to work, and a larger percentage of 
the available heat of the U 235 can be recovered before the 
charge must be renewed 

“This matter of limiting size may not be particularly im- 
portant for nonmobile applications of atomic power. The 
need for heavy shielding and expert operation and close govern- 
ment inspection in any case would limit economic atomic-heat 
installations to fairly large plants; central electric power plants, 
central heating plants, and large industrial steam and power 


that is, raised above the natural 


plants 

“Much publicity has been given to steam-electric power 
plants operating at 1400 psi, and at temperatures up to 900 F 
or higher. Now if atomic energy is to be used to save coal, 
it makes no difference whether the coal saved makes steam for 
electric generation, or for space heating, and process. The 
combined coal and equivalent coal consumption of all steam- 
electric stations in the United States in 1945 was just under 
100 million tons. In the same year medium and large industries 
burned about 200 million tons in power-type boilers. Most 
of the steam so produced was applied to heating and process at 
pressures of 50 psi gage or less. A large part of this steam 
never went to any prime mover. 

‘It is obvious that the replacement of coal by uranium af- 
fects only those parts of a power plant devoted to steam genera- 
tion and the handling of the fuel and ash (or other waste and 
by-products). While Jéss space would be required for uranium 
storage, there is little hope that all these elements would cost 
less either to build or to operate and maintain than those of a 
conventional steam plant. Heavy radiation shielding and 
elaborate instrumentation would be needed, also highly skilled 
operators and inspectors. The disposal of radioactive by-prod- 
ucts would be a most difficult matter. Tubes or drums still 
would be needed to contain the water and steam under pressure. 

“This all leads up to the conclusion that U 235 will not be 
used commercially for large-scale steam generation in stationary 
plants until it can compete with local coal, oil, or gas on a fuel- 
dollar basis, with allowances for the relative steam-generating 
efficiencies (and in some cases for the temperature limitations of 
the atomic piles). 

“One thing is certain, however, those who look for an eco- 
nomic revolution resulting from coal-free power are on the 
wrong track. Coal is a mere fraction of the delivered cost of 
For years we have had technically practicable ways 


power. 
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to make power without coal; hydroelectric power, wind 
power, tide power, sun power. Each of the last three could 
produce every kilowatthour used in the United States today 
and thereby save a// the coal used in central power stations, but 
it could not be done economically. Hydroelectric power does 
little better (and sometimes much worse) than run neck and 
neck with power from coal-fired steam-clectric plants. 

“If we, nevertheless, should use atom splitting to replace the 
100 million tons of utility coal and the 200 million tons of 
large-industry steam coal, all at $6 per ton, for instance, the 
saving before allowance for nuclear costs would be little more 
than one per cent of the national income. This is no revolu- 
tion, except for coal men." 


J. A. Hutcheson 


‘The engineer,"’ said Mr. Hutcheson, in his address, “‘now 
has at his command a substantial store of information on which 
to base a new consideration of the problem of the application of 
atomic energy to the field of generation of electric power, 
though not enough is available to permit the engineer to make 
an unqualified prediction 

‘Many difficulties have to be surmounted before a satis 
factory power plant will be achieved. The major one that 
seems to present tough problems arises from the fact that the 
whole operation is accompanied by the production of very 
intense and dangerous radiations. Dr. Compton, in speaking 
on this subject, has said, ‘There is, however, a lower limit to 
the size and weight of an atomic power plant that is imposed by 
the massive shield needed to prevent the neutrons and other 
dangerous radiations from getting out. Next to cosmic rays 
these radiations are the most penetrating that we know, and for 
a plant designed to deliver, for example, no more than 100 hp, 
are enormously more intense than the rays from a large supply 
of radium or an x-ray tube. To stop them, a shield equivalent 
in weight to at least 2 or 3 ft of solid steel is needed. There 
are basic laws of physics that make it appear very unlikely that 
a lighter shield can be devised. This means that there is no 
reason to hope that atomic power units for normal uses can be 
built that will weigh less than perhaps 50 tons.’ These radia 
tions induce artificial radioactivity in most things they strike, 
which means that the steam passing through the turbine, for ex- 
ample, probably will be radioactive. The by-products of fis 
sion also are radioactive and presumably will need to be re- 
moved from time to time. Consequently, special methods of 
handling and storing them will have to be provided. 

“With these problems in mind and with certain assumptions 
about cost of equipment and raw materials, it is now possible to 
make some estimates as to the economic possibilities of the ap 
plication of atomic energy in the electric power field. A very 
comprehensive report on this subject has been prepared under 
the direction of C. F. Wagner of the Westinghouse Electric 
Corporation. An assumption is made in the report that an 
atomic-powered 100,000-kw plant could be built, in which the 
cost of the equipment and plant necessary to provide steam for 
the turbines would be about $12,000,000. This is roughly four 
times the cost of the steam end of an equivalent power plant 
using coal as a fuel. Calculations were made comparing the 
cost of power obtained from this atomic power plant with that 
obtained from a coal power plant. These calculations in 
cluded amortization of the investment in each case at the rate of 
15 per cent per year. It was assumed further that the atomic 
fuel would be refined natural uranium such as was used in the 
piles at Hanford and Oak Ridge. If it is assumed that the 
material costs $20 per 'b, the total cost of the generation of 
electric power in the atomic power plant appears to be slightly 
less than in the coal-fired plant, assuming that coal costs $5 per 
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ton. This comparison would indicate that the possible applica- 
tion of atomic energy to the production of electric power is suf- 
ficiently feasible to warrant a careful and thorough investiga- 
tion. Undoubtedly, work of this kind is going forward; and, 
consequently, it seems reasonable to predict that within a few 
years sufficient knowledge will be at hand to permit an ac- 
curate analysis to be made which may well indicate that atomic 
energy as the source of power for an electric power system will 
be technically feasible and economically practical. From what 
can be seen now, it appears that the technical problems rather 
than the economic problems are the ones which must be solved 
before an atomic power plant of the future is practical." 


Clark Goodman 


In answer to the question of whether or not atomic power can 
compete with petroleum, coal, and water power on an economic 
basis, Dr. Goodman said the following: 

‘Inasmuch as coal is the most economical fuel for large in- 
stallations, it would appear that natural uranium piles may 
compete with coal, particularly in the generation of electric 
power. The piles could be located near the populated areas, 
but sufficiently remote to prevent radiation hazards. The heat 
released would be used to produce steam to drive turboelectric 
generators. This electric power would actually be a by- 
product from the production of plutonium and radioactive fis- 
sion materials and the treatment of substances by radiation. 
As in all of these speculations, the economics depends upon the 
demands for and the restrictions on the use of fissionable mate- 
rials. Some of the heat from these large piles also might be used 
to operate thermal or diffusion plants for separating U 235 from 
uranium. 

‘The natural uranium and graphite piles, which may com- 
pete with coal, are far too bulky to be used in units for mobile 
power. By using uranium that has been enriched in U 235, 
or to which plutonium has been added, the size of the pile can 
be considerably reduced. The use of heavy water (deuterium 
oxide) as a moderator in place of graphite also allows substan- 
tial reduction in size. 

“With the decrease in size of power units, the competition 
with petroleum would probably begin in replacing fuel oil in 
large transports and naval vessels. A distinct advantage for 
naval vessels would be that refucling would be infrequent. 
An additional consideration would be that the atomic fuel is 
nonflammable. Shielding would be a major problem, and 
would add considerably to the weight and size of the units. 
Such applications of atomic energy might be ruled out on this 
basis alone. 

“Pure U 235 and plutonium in excess of the critical sizes can 
be assembled—provided cadmium, boron, or some other neutron 
absorber is present in sufficient amount to prevent the chain 
reaction. If the absorber were gradually removed until the 
critical point is reached, a controlled release of energy from a 
very compact source might be possible. With pure U 235 or 
plutonium, this procedure would be extremely sensitive—a 
slight movement of the absorber might result in a violent ex- 
plosion. For this reason, compact units will probably use a 
mixture of U 235 and U 238, containing not more than about 20 
per cent of the U 235 and some moderator to obtain a safe de- 
gree of controllability. 

‘Even more problems than arise with the larger units must be 
solved before diminutive atomic engines will be possible. 
For military purposes such engines might supply the power for 
guided missiles or robot planes. To compete seriously with 
Diesel-oil and gasoline, atomic engines must be adaptable to 
trains, trucks, planes, and automobiles. For these purposes 
the shielding problem would be most acute. The compactness 
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gained in using atomic fuel might be more than offset by the 
large amount of shielding required. 

‘Within the bounds of available information, it would ap- 
pear that petroleum and coal will probably continue for at 
least another generation as the primary sources of energy for 
transportation and heating. Water power and coal will proba- 
bly generate most of the electricity during the next 50 years. 
Although atomic energy may gradually enter as a competitor, 
its most extensive applications will probably be in new fields of 
human endeavor."’ 


The Atomic Bomb 


N the Review for 1945 of the work done by the Rockefeller 
Foundation during the past year, Raymond B. Fosdick, 
president of the Foundation, has included a rather unique story 
of the part played (‘an unwitting part,"’ says Mr. Fosdick) by 
the Foundation in creating the atomic bomb. 

Twenty-three leaders of the project had received part of their 
specialized training on fellowships provided by Rockefeller 
funds. Such names as Oppenheimer, Lawrence, Fermi, Allison, 
Smyth, and Compton are included in the list. The research 
work of such scientists as Niels Bohr in Copenhagen and Urey 
at Columbia University was also given direct support. The 
184-in. cyclotron at the University of California, which con- 
tributed materially to the development of one of the phases of 
the project, was financed by the Foundation. The departments 
of physics and chemistry at such institutions as Princeton and 
the University of Chicago, which provided many key figures on 
the staff of the project, had received liberal support from Rocke- 
feller boards. 

“This record,’ says Mr. Fosdick, ‘‘is set down solely to 
emphasize the point that when these various grants were made, 
no one was thinking of an atomic bomb. The only motive 
behind this support was to extend the boundaries of knowledge, 
to stimulate the search for truth, in the belief that there is no 
darkness but ignorance. 

‘*But it is this same research for truth that has today brought 
our civilization to the edge of the abyss, and man is confronted 
by the tragic irony that when he has been most successful in 
pushing out the boundaries of knowledge, he has most en- 
dangered the possibility of human life on this planet. The pur- 
suit of truth has at last led us to the tools by which we can our- 
selves become the destroyers of our institutions and al] the 
bright hopes of the race. In this situation what are we to do— 
curb our science, or cling to the pursuit of truth and run the risk 
of returning our society to barbarism? 

‘One of the scientists who played a leading role in the de- 
velopment of the atomic bomb said to the newspapermen: ‘A 
scientist cannot hold back progress because of fears of what the 
world will do with his discoveries.’ What he implied, appar- 
ently was that science has no responsibility in the matter and 
that it will plunge ahead in the pursuit of truth even if the 
process leaves the world in dust and ashes. 

‘‘When Professor C. E. M. Joad, the English publicist, heard 
that atomic energy had been harnessed to a bomb, he called it 
‘the greatest single disaster in the history of mankind.’ ‘Will 
nobody stop these damned scientists?’ he asked. 

‘But how do we stop scientists? How can we foresee the use 
to which knowledge will be put? Almost any discovery can be 
employed for either social or antisocial purposes. 

‘The good and evil that flow from scientific research are more 
often than not indistinguishable at the point of origin. Gener- 
ally they are by-products, or they represent distortions of origi- 
nal purpose, none of which could have been foreseen when the 
original discovery was made. 
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‘There is scarcely a scientific formula or a process or a com- 
modity or an instrument which cannot be used destructively if 
that is what we elect to do with ir. In brief, the gifts of science 
can be used by evil men to do evil even more obviously and dra- 
matically than they can be used by men of good will to do good. 

‘The mighty imperative of out time is not to curb science but 
to stop war—or, to put it in another way, to create the condi- 
tions which will foster peace. That is a job in which every- 
body must participate, including the scientists. But the bomb 
on Hiroshima suddenly woke us up to the fact that perhaps we 
have very little time. The hour is growing late and our work 
has scarcely begun. Now we are face to face with this urgent 
question: Can education and tolerance and understanding and 
creative intelligence run fast enough to keep us abreast with 
our Own mounting capacity to destroy? 

“Our analysis comes down to this: Men are discovering the 
right things but in the wrong order, which is another way of 
saying that we are learning how to control nature before we 
have learned how to control ourselves.’ 


Private Radar Installation 


HE first privately sponsored radar installation on a mer- 

chant vessel, the M/S Tunaholm, a 63-ton motorship, has 
been jointly announced by the Swedish American Line and 
Raytheon Manufacturing Company of Waltham, Mass. Thus, 
for the first time, fully evaluated results of commercial radar 
are now available for merchant-marine circles to examine. 

The Tunaholm installation consisted of three basic units: The 
antenna mounted on the dummy smokestack, the transmitter- 
receiver located in the chart room, and the indicator unit in the 
wheelhouse. Accessories included an echo box for checking 
the radar performance in the absence of actual objects in sight 
of the antenna. 

A short period of instruction prior to and during the first few 
hours of the trip which the Tunaholm made from New York to 
Gothenburg, Sweden, enabled the captain and his deck officers 
to operate and interpret the results shown on the radar indicator. 





PHOTOGRAPH OF RADARSCOPE as M/s Tunaholm ENTERED 
NEW YORK HARBOR ON RETURN TRIP 

(Points identified by key are: 1, Manhattan; 2, Red Hook, Brooklyn; 

3, Governors Island; 4, Jersey City, N.J.; 5, Ellis Island; 6, Bedloes 

Island.) 


FIG. 1 
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Departing from New York at 6:00 a.m. on Dec. 12, 1945, the 
radar was started in the North River, just abeam of the Battery. 
As the ship proceeded up the New England coast, bearing and 
range information were checked and verified against visual and 
chart information to establish the accuracy of the installation 
in practical use. Large ships were detected at approximately 
15 miles, trawlers and fishing boats at 6 to 10 miles, and buoys 
at about 2 miles. 

Navigational locations were checked by taking range and 
bearing on light ships and coast lines. Rain, mist, and snow 
squalls were encountered intermittenly during the trip 

Ships and landfalls were detected by means of the radar 
before they could be located by any other means. So confident 
in radar were the ship's officers that the Tunaholm was run at 
full speed ahead for the entire journey from New York to 
Sweden. While visibility was not reduced to much less than a 
mile at any time, normally the ship's officers would have re- 
duced speed under some of the conditions encountered. 

The return trip from Gothenburg to New York was made 
during a period of severe storms and generally poor visibility 
for about half the trip. Observers estimated that about six 
hours were saved during this portion of the trip because radar 
was available. Severe storms delayed the ship but at no time 
could the delay be blamed on poor visibility. It is estimated 


that approximately two days were saved on the round trip | 
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the use of radar. 

The versatility of radar has been further demonstrated in its 
performance aboard the S. S. Kalakala, the new streamlined 
ferry operated by the Puget Sound Navigation Company, be- 
tween Seattle and Bremerton, Wash. This location and ship 
run were chosen because of the particularly difficult naviga- 
tional problems. On a large percentage of days the fog ob- 
scures the run and the Kalekala must thread its way through 
the tremendous quantity of shipping in the busy Puget Sound 
area, where the narrow passages afford an unusual opportunity 
to complete tests on this application of marine radar. 


Electronic Com puter 


HE first high-speed, all-electronic general-purpose com- 

puter ever developed, known as the Eniac—an Electronic 
Numerical Integrator and Computer—is briefly described in the 
April issue of the Bakelite Review. 

This machine, invented by Dr. J. W. Mauchly and J. Presper 
Eckert of the University of Pennsylvania at the request and 
with the aid of the Ordnance Department, U. S. Army, to 
remove a bottleneck in ballistics computing, is capable of solv 
ing complex technical and scientific problems for which pre- 
vious methods of solution were considered impractical. The 
Eniac computes a mathematical problem 1000 times faster 
than it has ever been done before. There is not one single 
moving mechanical part in the computer, since nothing inside 
its 18,000 vacuum tubes and several miles of wiring moves ex- 
cept accurately timed electrical impulses, which are trans- 
mitted through the machine in */ 99,090 Sec. 

Before reverting to this machine the scientist must first break 
down his problem to its essentials, since basically, the Eniac 
does nothing more than add, subtract, multiply, and divide. 
After the problem has been punched on a card to be placed in a 
machine which translates mathematical language into the elec- 
tronics language of the Eniac, switches are set and connections 
established, and the machine goes into operation. 

The operational components of the Eniac consist of arith- 
metic elements, memory elements, and control elements. 
Arithmetic elements exist in a number of units such as 20 
accumulators, which store numbers computed in a problem, to 
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allow the addition or subtrac- 
tion of a second number to or 
from the stored number; one 
multiplier,and one combination 
divider and square 
Memory elements store numeri- 
cal data calculated during the 
problem and necessary for other 
portions, hold information 
known as empirical data before 
the machine is started, and re- 
tain The ma- 
chine’s memory for instructions 


rooter. 


instructions 


causes transfer between the 
various memory and arithmeti- 
cal units, and causes the latter 
to perform desired operations 
on the numbers, while a ‘‘mas- 
co-ordinates 


for the 


ter programmer’ 
this kind 
entire Eniac. 

Control elements include the 
initiating unit, concerned FIG. 2 
mainly with starting and stop- 
ping the Eniac, and the cycling 
unit which generates fundamental signals. If used to com- 
plete capacity this electronic robot, in five minutes, will carry 
out more than ten 
The machine performs a single addit* »n in 
'/s00 sec, and can do a number of distinct additions simul- 


of memory 


million additions or subtractions of ten- 
figure numbers. 


taneously; a single multiplication by a 10-digit multiplier in 
'/y9 sec; and a nine-digit result in division or square rooting 
1/38 sec. 

In the future, the Eniac, 
dreds of different factors in one 


in 
with its facilitv for handling hun 
eliminate 


computation, will 


costly experimentation in both science and industry 


Architects—Engineers 


Ro mechanical engineers who are engaged in consulting 
engineering on construction, their relations with the archi- 
tects on each new job constitute a serious problem. It is felt 
therefore that some of the points in an article which M. X. Wil- 
berding, member A.S.M-£., chairman of the Consulting Engi- 
neering Group of The American Society of Mechanical 
Engineers, and president of Wilberding Company, Inc., Wash- 
ington, D. C., prepared for the April issue of the Journal of the 
American Institute of Architects, might be well worth quoting. 

Figures which the Consulting Engineering Group of the 
\.S.M.E. has collected reveal that mechanical and electrical 
engineers design an important one fifth to one quarter of the 
modern building being constructed. (In construction the same 
engineer usually handles both mechanical and electrical work.) 
The projects from which these figures were obtained are all 
located on the eastern seaboard of the United States and have 
actually been constructed in the last five years. They represent 
projects costing from a quarter of a million to several million 
dollars. 

“On projects of this kind,’’ writes Mr. Wilberding, “‘the 
owner seems to prefer to have one planner responsible for all 
contract documents. In all cases which have been reviewed 
the engineer’s contract for services was with the architect. 
Where the architect is responsible for obtaining the commission 
it is certainly just that the contract should be solely in his name. 
For protection, the architect, however, should see to it that 
the owner ‘sits in’ on the selection of the engineer and that the 
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fully informed on all details of the architect's 
contract with the engineer.”’ 

Because of the important role played by the mechanical or 
electrical engineer in construction, it is evident that the client 
and his architect will select, with the greatest of care, the 


engineer who is to design and properly install the mechanical 


owner is 


and electrical equipment. 

Where there is mutual confidence and understanding between 
the client, the architect, and the engineer, it makes but little 
difference in practice how the contract is written as regards the 
responsibility of the architect and the engineer, because both 
will realize that their sole duty is to their mutual client. 

The fact that Government and lending agencies will stress 
the importance of single responsibility in contracts with the 
designing professions is proof enough-that in the past archi- 
tects and engineers have too often used their separate contracts 
with the same client for their own advantage. Clients, and 
those who finance complex structures, should have respect for 
the knowledge and skill required of the designer, and if thev do 

eet, 
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not have this respect, it is up to the architect and the eng! 
by mutual co-operation, to bring home the facts to the clicnt 
and to those who finance the projects. 

“If the design professions are not themselves willing to 
point the way,’’ says Mr. Wilberding, “‘there is certainly 
lictle hope. From time to time we see architects and engineers 
who are not willing to meet their co-designers of building proj- 
ects on an equal basis. Such persons are usually so impressed 
by their own ability that they are a menace to their respective 
professions, and particularly to their clients. It is certainly 
difficult to deal with such persons and about all that can be 
done is for reputable designers to refuse to work with them.” 

The ability of both the architect and the engineer is required 
for the success of even the simplest job. Few men can truth- 
fully lay claim to being an outstanding architect and engineer 
at the same time. As a solution to the problem of getting 
architects and engineers to co-operate more fully with one an- 
other, Mr. Wilberding suggests that members of professional 
societies insist that their society work out forms for agreements 
between the designers, so that they can give better service to 
the client. If these societies would then broadcast these agree- 
ments so that prospective clients and especially those interested 
in finance would become acquainted with the proper practice 
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toward professional designers, a great service would be ren- 
dered to all concerned. 


Dehumidifying Navy Ships 


HE Office of Public Information, United States Navy, has 

released an interesting article by Captain T. H. Urdahl, 
U.S.N.R., and Commander E. R. Queer, U.S.N.R., which de- 
scribes the effective dehumidifying system developed by Car- 
gocaire Engineering Corporation, New York, N.Y., and used 
to dehumidify and preserve naval vessels quickly and inexpen- 
sively. 

Old preservation methods which consisted principally of 
red lead and grease, proved to be costly and inadequate as a 
means of protecting Naval vessels against atmospheric cor- 
rosion. Today approximately 2700 combatant and noncom- 
batant ships are being protected scientifically by dehumidifica- 
tion, painting, thin-film rust-preventative compound appli- 
cation, and tight packing. These procedures assure that our 
ships remain in an excellent condition of readiness for many 
years 

Upon receipt of orders to the Inactive Fleet, the ship proceeds 
immediately with preservation measures. All urgent repairs 
are accomplished and the ship is dry-docked to apply new anti- 
fouling paint and to have other essential underwater work 
done. There is an immediate one-third reduction of the war- 
time complement by detaching the special radar, communica- 
tions, and gunnery ratings. 

Preliminary preservation measures consist of cleaning and 
drying the ship's hull and machinery and applying a thin film 
of rust-preventative compound. (The equipment is ready for 
immediate use without removal of the preservative). Prior 
to final closure, the ship is completely fumigated. During 
these initial preparations the dehumidification equipment is 
installed and made ready to operate. The last step before de- 
humidification is to seal the envelope from the sea and the 
weather, and to open doors and hatches as needed for the dry 
air flow. However, the watertight integrity of the ship is 
maintained at all times. Although it is desirable to make the 
topside as tight as practicable, it is not essential that the ship 
be made pressure-tight to secure good economy of operation 
Watertightness, however, is absolutely imperative. 

Dehumidification is accomplished both dynamically and 
statically. 

Dynamic dehumidification consists of forcing the ship's air 
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through an automatically controlled and reactivated chemical- 
desiccant machine connected to a distribution system. The 
fire mains, after they are drained, provide an excellent means for 
distributing the small quantities of dry air. Return flow is 
controlled by choice of closure of access openings. Fig. 3, 
illustrates a typical system. 

Static dehumidification is obtained by placing metal con- 
tainers of desiccants in closed voids, tanks, and metal packages. 
This system is used only in spaces that cannot be easily reached 
dynamically or where the watertight integrity of the ship 
would be violated. 

For the most economical use of the equipment, the machine 
capacity should be installed to take care of that amount of 
ship's space to provide 12 hours of operation during the mainte- 
nance stage. Since breathing is the major load, the machines 
operate principally at night and carly morning hours. The 
relative humidity decreases during the day because of rising 
temperature; whereas, it rises at night because of falling tem- 
perature and breathing of weather air. 

A controller-recorder of unique design controls and records 
the relative humidity in the dynamic zones. The instrument 
consists of a main control and recording station to which are 
connected eight stations for sensing relative humidity. 

In addition, cach sensing station contains a temperature cle- 
ment. A record of the temperature, humidity, station number, 
and time is printed on a strip of paper every 15 minutes or every 
12 hours as desired. 

For control purposes the instrument continuously averages 
the relative humidity of the sending stations. If the aver- 
age relative humidity rises above, say, 33 per cent, the dehumidi- 
fier will turn on and operate until the average is down to, say, 
27 per cent. The differential is adjustable so as to prevent 
short-cycling of the dehumidifier. Balancing the distribution 
of dry air in the ship is assisted by the controller-recorder. 

That dehumidification of ships is an economical and effective 
means of preserving a valuable investment can be seen from the 
following figures: The installed equipment cost is less than one 
cent per cubic foot of the ship’s volume in the majority of 
cases. The power cost will run well below 15 cents per 100,000 
cu ft of volume per day with power at one cent per kwhr. The 
attendant dehumidification power cost for a destroyer having 
a volume of approximately 250,000 cu ft will amount to about 
$110 per year on a $7,000,000 investment. A 35,000-ton battle- 
ship, costing from 90 to 100 million dollars, would have attend- 
ant dehumidification power cost of $1550. 

In addition, preservation with dry air will provide an excel- 





FIG. 3 


NAVY SHIPS FROM TUGS TO BATTLESHIPS WILL BE PRESERVED BY USING DEHUMIDIFICATION MACHINES TO STOP RUST AND 


GENERAL MOISTURE DAMAGE 


(Fire mains shown in diagram will be used as ducts to circulate dry air to the space from the dehumidifier. A recorder-controller watches over 


all, averaging humidity in various sections of the ship, and switching the dehumidification unit on and off according to humidity levels.) 
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lent means of preserving American sea power ina state of readi- 
ness for any and all emergencies. 


Oil-Free Reciprocating 
Compressor 


AY important ficld of application of the heat pump is to be 
found in evaporating and distilling plants which, directly 
or indirectly, serve the purpose of concentrating a chemical 
solution while recovering the solvent. This end is achieved by 
heating the solution so as to evaporate the solvent, which ts 
then cooled, precipitated, and recovered in a liquid form. The 
heat employed in evaporation is freed again in the condenser 
and can be utilized almost in its entirety to maintain the proc- 
ess. For the heat pump or steam compressor then required, 
the oil-free reciprocating compressor which O. Walti discusses 
in the Sulzer Technical Review, No. 2, 1945, offers a particularly 
appropriate design. 

It was developed primarily for the foodstuffs and chemical 
industries which repeatedly expressed the wish to see a recipro- 
cating compressor designed which would require no cylinder 
lubrication and would preclude contamination of the gas or 
vapor during compression 

A complete success was registered in this direction some 
years ago, when the oil-free reciprocating compressor was 
evolved. This machine was first described in the Sulzer Tech- 
nical Review, No. 1, 1937. The first plants were delivered to 
breweries, where compressed air is required which is guaran- 
teed free from oil and can be brought into direct contact with 
the beer without fear of its contamination. Since that time the 
oil-free compressor has been used in varied industries. 

The sections through a two-stage compressor scen in Figs. 4 
and § show the main features of the oil-free design. Sealing 
between the piston, piston rod, and cylinder is achieved by a 
labyrinth effect only, without any surface contacts; and it is 
done so effectively that there is scarcely any perceptible dis- 
tinction between the efficiencies of the oil-free compressor and a 
corresponding lubricated design. Not only is the cylinder kept 
free from the slightest trace of oil, but internal friction is also 
eliminated as a source of metallic contamination and losses. 
As there is no need to take the stability of lubricating oils into 
consideration and wall temperatures can be left out of account, 
it is possible for the compression ratio to be raised to figures 
which would be inadmissible in lubricated machines. Com- 
pression ratios of 4 to 5, and in extreme cases of 6 to 7 per stage, 
have proved to be practicable. It is therefore quite possible for 
a single-stage oil-free compressor to take the place of a two-stage 
machine of the lubricated design, thus simplifying the plant 
considerably. 

Some of the advantages of the oil-free compressor are: The 
expenditure for oil is done away with; the internal parts are 
subjected to hardly any wear and tear, so that less spares are 
needed; and oil separators and filters no longer have to be pro- 
duced and maintained. 

Its one limitation lies in the fact that the final compression 
pressure cannot be raised indefinitely. The upper limit for the 
single-stage compressor lies at about 70-100 psi, and that for 
the two-stage machine at 200-280 psi. 

The oil-free design can also be employed for vacuum pumps, so 
that it is suitable for service in all types of evaporating plants, 
whether these work with pressures above or below atmospheric. 
There is a considerable demand for oil-free vacuum pumps in the 
chemical industry, as they are particularly suitable for the dis- 
tillation and recovery of valuable solvents and other chemical 
substances. 
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FIG. 4 LONGITUDINAL SECTION THROUGH AN OIL-FREE SULZER 
OXYGEN COMPRESSOR HANDLING 840 crM AT 85 PsI 


The drive of the oil-free reciprocating compressor used as a 
heat pump can also be incorporated in the general system, 
especially when a great deal of heat, in the form of heating 
steam, is required for the maintenance of the chemical process 
involved. In such cases it is advisable to drive the heat pump 
with steam power, for instance, by means of a turbine, equipped 
with powerful reduction gearing. The heating steam required 
for the process is expanded in the steam power unit and thus 
provides the driving power for the heat pump. The efficiency 
figure is extremely favorable, and the power unit only extracts 
from the steam the equivalent in heat of the power required for 
the drive and causes no waste of heat or energy apart from in- 
significant radiation losses. 

In former times the steam engine was the commonest form of 
drive for compressors. The engine could be coupled direct to 
the compressor; in itself a good economic proposition, it also 
permitted the delivery of the compressor to be varied continu- 
ously within wide limits and practically without loss by means 
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FIG. 5 SECTIONS 

THROUGH OIL-FREE 

SULZER OXYGEN COM- 
PRESSOR 





of a simple speed adjustment. This easy adjustability is as 
a rule important for chemical processes. 

Reference is also made by Mr. Walti, although not strictly 
connected with the heat pump, to the latest design of the verti- 
cal compressor which is replacing the unwieldy, slow-speed 
horizontal machine in the compressor room of the modern 
chemical works. Modern methods of regulation permit the 
delivery of the compressors to be changed progressively at con- 
stant speed or even to be accurately adapted by automatic 
means to the requirements of the chemical process. This en- 
ables the modern compressor to be coupled direct to a three- 
phase motor. 


Anti-Icing Aircraft Windshields 


ITH the increasing scope of acrial operations, the pre- 

vention or removal of ice formation on windshields of 
airplanes has become of prime importance. Under severe icing 
conditions vision through the windshield may become impos- 
sible after a few seconds, and even in moderate weather, greatly 
impaired. 

The methods developed for overcoming the icing hazard gen- 
erally fall into two classes: deicing and anti-icing. The 
former removes existing ice formations while the latter serves 
to prevent them altogether. Deicing of windshields is usually 
accomplished by mechanical means, such as windshield wipers, 
which have not proved too successful. 

In a paper, “‘Anti-Icing of Aircraft Windshields,’’ which he 
presented at the Aviation Meeting of the A.S.M.E., held in 
Los Angeles, Calif., June, 1945, Albert A. Arnhym discussed 
various methoas of anti-icing windshields. 

Anti-icing can be effected either by spraying an anti-icing 
fluid (alcohol) against the windshield or by heating. Liquid 
anti-icing, however, is suitable only in moderate icing condi- 
tions and has numerous disadvantages such as: A sufficient 
supply of alcoho! must be carried along to last for the duration 
of the flight; an extra margin is required in order to compen- 
sate for such contingencies as more and heavier icing than ex- 
pected; the extra weight of the fluid must be added to that of 
the installation itself and is quite undesirable in view of the 
high value of each pound on an airplane; danger of explosions 
and fires exists since alcohol is a highly volatile and combus- 
tible fluid; and finally, considerable optical distortion results 
when the liquid is sprayed or wiped on the windshield. In 
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spite of these disadvantages, liquid anti-icing has been and still 
is being used extensively because, until recently, it has been 
the only practical method with any degree of effectiveness 

The principle of thermal anti-icing appears to be more feasi- 
ble, although the optimum method of applying the heat has 
not yet been definitely established. Hot-air blasts against the 
inside of the windshield are not always efficient and may cause 
discomfort for the pilot. However, the most promising 
method of thermal anti-icing makes use of the double-pane 
windshield. 

In double-pane construction warm air is circulated through 
an air space formed by two parallel window panes which are 
heated sufficiently to prevent the accretion of ice on the outside 
and the condensation of moisture on the inside. Although such 
windshields have been tested in routine flights and have been 
proved satisfactory, they entail a number of problems which 
have not yet been solved sufficiently to proclaim this method 
the final solution. 

One of these problems concerns the use of plastic material 
which is desirable due to its greater lightness and flexibility 
However, its thermal properties are such that it is not prac- 
tical for applications which involve its exposure to hot air. It 
has been found that the optimum inlet temperature for the 
warm circulating air should be in the range from 165 to 175 F. 
At this temperature plastic material tends to buckle and yield 
to differential air pressures which, among other effects, causes 
noticeable optical distortion. Plate glass, on the other hand, is 
not desirable either since it is not shatterproof. 

A long series of tests has finally shown that the best com- 
promise is a combination consisting of a '/,-in. sheet of fully 
tempered glass for the front pane, a '/,-in. air space, and a 
laminated rear pane made of two sheets of '’g-in. semitempered 
glass with a vinyl-plastic interlayer '/s in. in thickness. The 
plastic interlayer can be made to extend beyond the edges and 
thus provide a resilient mounting. 

Other problems in connection with this method which Mr, 
Arnhym outlines are: There is a tendency of fogging of the in- 
side surface of the outer pane; the effect of the heat on the 
windshield has resulted in cracking, particularly of the inner 
pane, which is attributed to the fact that the stresses in 
this pane are greater duc to its higher average temperature; an 
inherent weakness of the double-pane windshield is a multiplic- 
ity of images; from a standpoint of visibility, the accumula- 
tion of dust and other particles on the inside surfaces of the 
panes is another objection; and the heat radiated from the 
windshield onto the flightdeck or into the cockpit causes a cer- 
tain amount of discomfort unless proper ventilation is pro- 
vided. 

Apart from these disadvantages, the double-pane construc- 
tion has proved to be both effective and efficient for anti-icing, 
and in addition has orher desirable properties. For instance, 
it contributes to the soundproofing of the flightdeck and it 
offers protection against bird strikes. 

Although the development of the double-pane construction 
for windshield thermal anti-icing is by no means completed, 
none of the still existing disadvantages appear to be of such a 
nature that further improvement cannot eliminate them. Nor 
does the problem of adequate heat supply, present any insur- 
mountable difficulties since, during the past few years, highly 
efficient and flexible aircraft heaters have been developed which 
lend themselves for applications of this type. Therefore the 
thermal anti-icing method holds great promise, not only for 
windshields, but also to the icing problems of the air induc- 
Lion system, wings, propellers, and other components. 

If it is true that the limits of flying weather are determined by 
the limits to which anti-icing equipment can be perfected, the 
results accomplished with thermal anti-icing so far permit 
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the conclusion that in the not too distant future the ceiling for 
flying weather will become unlimited. 


Opportunities for Engineers 


7. G. HALLER, member A.S.M.E., chairman, East Tennesee 
¢ Section, and chief engineer, Tennessee Eastman Corpora- 
tion, in his welcoming address at the A.S.M.E. Spring Meeting 
banquet held in Chattanooga, Tenn., April 2, made the follow- 
ing remarks on the subject, ‘‘Postwar Opportunities for En- 
gineers: 

There is now an actual shortage of trained engineers and engi- 
neering personnel. Many of the new facilities created in the 
past five years for work will inevitably be converted to the pro- 
duction of goods for civilian consumption, and it appears that 
for the next few years at least there will continue to be a de- 
mand for a greater number of trained engineers than the number 
of men available 

Assuming that the engineer has the required technical train- 
ing and ability, he should have no difficulty in selling his 
services, and his degree of success will then depend largely on 
how he handles himself along some of the following lines: His 
selection of his proper field—industry, government, or educa- 
tion; the type of industry with which he associates himself 
manufacturing or service; the company he chooses to work 
for—large or small, and its standing in the field; how well he 
takes advantage of his opportunities—his vision or foresight; 
and to some extent “the element of luck.”’ 

All engineering fields have developed to such specific and 
complex states that the present-day role of the vast majority of 
engineers must be that of joint efforts rather than individual 
achievement. The day when an engineer could look forward 
to getting rich from creating a single invention or single- 
handedly building up a business of his own has practically 
past. In most cases he must make up his mind to be satisfied to 
be a member of a team of engineers and mechanics, or electri- 
cians, or engineers and chemists, or physicists, who, in an ex- 
isting organization, will work close together to accomplish 
a single purpose, the glory, reward, or credit for which must of 
necessity be shared. 

His success will then depend on how well he is able to sub- 
merge his own personal ideas in favor of his teammate’s, or 
make suitable compromises to achieve the desired results; on 
his willingness to work hard, to be tolerant and have patience, 
and to be persistent; on his inherent honesty; on having the 
courage of his own convictions when he is absolutely sure he is 
right; on a pleasing personality and a neat appearance; on his 
ability to get along well with his superiors as well as his asso- 
ciates and subordinates; on his ability correctly to analyze a 
problem and reach sound conclusions; on his being able to 
express his ideas clearly and distinctly; on his keeping healthy 
and alert and avoiding overindulgence; on his keeping up-to- 
date by continual study and observation of the achievements of 
others; on being resourceful and able to adapt himself quickly 
to changing conditions; on being a good mixer and having a 
sense of humor. 

The young graduate engineer just out of college should be 
willing to serve an internship like a doctor, that is, he should 
work in the plant or in the field, and also on the drawing board, 
for a few years. His opportunities of success will be enhanced 
by his becoming affiliated with and taking an active part early 
in his career in the national society of his chosen field. Re- 
gardless of his business connections he should also, as soon as 
possible, obtain a license to practice engineering in his own 
state. He should consider that it is his duty to maintain and 
taise the usefulness and dignity of the engineering profession by 
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the interchange of general information and experience with his 
fellow engineers and with students of engineering, and also by 
contributions to the work of engineering socictics, schools of 
applied science, and the technical press. 

It has been said that there are twelve things to remember in 
order to get the greatest joy out of professional life. These are: 
The value of time, the pleasure of working, the worth of char- 
acter, the influence of example, the wisdom of economy, the im- 
provement of talent, the power of kindness, the success of per- 
severence, the obligation of duty, the virtue of patience, the 
joy of originality, and the*dignity of simplicity. 


Metal Cutting 


HE progress recently made in the field of metal machining 

has been investigated and reported by D. F. Galloway in a 
paper, ‘‘Recent Research in Metal Machining,"’ in The Institu- 
tion of Mechanical Engineers Proceedings, 1945, Vol. 153 (War 
Emergency Issue No. 4), London, England. 

The objectives of Mr. Galloway's research, which were di- 
rected toward the achievement of more efficient production, 
were as follows: (1) Improvement of economic tool life in 
roughing and finishing operations; (2) increased rate of stock 
removal in roughing operations; (3) reduced power consump- 
tion in roughing operations; (4) increased rate of surface area 
production in finishing operations; (5) improved quality of 
surface finish in finishing operations;and (6) irffproved machina- 
bility in dry and wet machining operations. 

Most metal machining research may be broadly classified 
as (1) analytical tests, and (2) practical tests, which includes 
roughing and finishing. 

The object of the analytical tests is to determine the exact 
nature of the cutting process. In the practical tests an attempt 
is made to discover the relation between such factors as speed, 
feed, etc., which affect economical production. In the case of 
rough-turning operations, maximum rate of stock removal and 
minimum power consumption are factors of major importance 
upon which considerations of economic tool life must be based. 
In the case of finishing operations, surface finish and dimen- 
sional] accuracy are of major importance. 


ANALYTICAL TESTS 


Knowledge of what happens when metal is cut is far from 
complete, but by the use of photoelastic phenomena and the 
methods of research just mentioned, a conception of the true 
mechanism of metal machining processes is gradually growing. 

Despite the complex nature of machining operations in- 
fluenced by so many factors, three main types of chip formation 
have emerged which, as illustrated in Fig. 6, are: (1) Con- 
tinuous chips formed without built-up edge; (2) continuous 
chips formed with built-up edge; and (3) discontinuous chips. 

‘Built-up edge’’ refers only to the deformed material adher- 
ing to the tool tip, which is practically separate from the chip 
and over which the chip slides. Other deformed material which 
continuously passes along the tool face is not regarded as con- 
stituting a built-up edge 

Sections (1), (IID), and CIID) of Fig. 6 each depict the passage 
of a small specimen volume of material from (4) its original 
condition as part of a disk being turned, through (4) the turn- 
ing operation, to (¢) the final condition, as part of the chip. In 
all cases the specimen volume is represented by the dotted area. 


STRESS DISTRIBUTION AND APPROXIMATE QUANTITATIVE ANALYSIS 


Chip formation is a process of deformation and ultimate fail- 
ure by shear which may, through the phenomenon of work- 
hardening, take the form of a continuous process and produce 
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FIG. 6 
[C1 Continuous chip formed without built-up edge. (II 


edge. (III) Discontinous chip. ] 


a continuous chip or, particularly in the case of brittle mate- 
rials, may be a cyclic process resulting in discontinuous or seg- 
mental chips. This conception of the nature of metal machin- 
ing is greatly enhanced by a knowledge of the stress distribu- 
tion in tools and workpieces due to the cutting process. The 
material of the workpiece in the vicinity of the cutting opera- 
tion may be roughly divided into two regions as shown in Fig 
74, one subjected to radial compression and the other to radial 
tension. In both regions the intensity of stress is known to 
increase as the tool point is approached, but in the immediate 
vicinity of the tool point, where the material is plastic, con- 
ditions are so complex that no clear conception of the mecha- 
nism of flow and stress distribution has been fully authenti- 
cated. An impression of the variation in stress intensity in the 
surface layer of the workpiece due to machining is given in 
Fig. 75. 

One important result influenced by the stress intensity and 
distribution associated with any machining operation is the 
layer of permanently deformed material known as fragmented 
or smear material which is left on the surface of the workpiece. 

Even in the simplest machining operations, the mechanism 
of metal cutting and chip formation is so complex that an ex- 
haustive quantitative analysis has never been made, but the first 
stages of the quantitative treatment have yielded some facts 


TYPES OF CHIP FORMATION 
Continous chip formed with built-up 
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and formulas which are in 
teresting and useful, pro- 
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the fact that 
metal cutting do not torm a 
static system and that any 


stresses Il 
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theory of elasticity 
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ACTION OF CUTTING FLUIDS 


Recent research with the 
action of cutting fluidsshows 
that beside cooling the tool 
and workpiece these fluids 
can be made to ‘‘reduce ad- 
hesion”’ between tool and 
chip. The bulk of experi- 
mental supports 
the conclusion that the most 
effective cutting fluids re- 
duce adhesion between chip 
and tool face bv chemical re- 
the newly 
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formed chip surface, resulting in the formation of a physically 
stable compound of low shear strength at the chip-tool in- 
terface. The ability of the fluid to enter the region of the chip- 
tool interface is attributed to the strong capillary action within 
the extremely small passages which are formed between the 
tool face and the freshly ruptured chemically clean surface 
of the chip. At low cutting speeds the action of cutting 
fluids is much more complete than at higher speeds, as shown 


in Fig. 8 
RESEARCH IN’ ROUGH AND FINISH-MACHINING OPERATIONS 


Recent developments in rough-machining research have 
tended toward a more practical interpretation of the best re- 
sults available, rather than an unlimited extension of the tests 
themselves. 

It is pointed out by Mr. Galloway that one of the outstanding 
achievements in this respect was the “‘Manual on Cutting of 
Metals,"’ published in 1939 by The American Society of Me- 
chanical Engineers. This manual, which covers the use of 
single-point lathe tools, gives in tabular form information for 
the selection of feeds, cutting speeds, etc. 

An alternative way of expressing and utilizing the results in 
practical research in rough-machining is by the use of charts 
such as those adopted by M. Kronenberg and given in an 
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A.S.M.E. paper, ‘‘Maximum Shell Production,’’ published on 
pages 425-430 of the June, 1941, issue of Mecnanicat ENGI 
NEERING 

The most important criteria in the evaluation of any finish- 
machining operations are: (1) surface finish; (2) dimensional 
accuracy; (3) rate of production of surface area finished; 
4) minimum structural deformation of surface layers; and (5. 
minimum cost of production of surface area 

Finish-machining operations may be divided into two main 
classes: (a) finish-machining with abrasives, applicable to soft 
and hard metals; and (4) finish-machining with edge-curting 
tools made of tool steel, cemented carbide, diamonds, etc., used 
to machine soft materials 


FINISH TURNING AND BORING TESTS 


A series of tests was run covering fourteen points ranging 
from speeds to the cutting forces required. The entire field of 
feed, depth of cut, and cutting and relief angles as well as tool 
condition and cooling was investigated. The influence on sur- 
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FIG. 7 STRESS DISTRIBUTION AT CUTTING EDGE 


[(4) Regions of compression and tension in the workpiece. (6) Intensity 
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tace finish of spindle-bearing and tail-stock design was also 
studied during these tests 

It was found that machine conditions have a definite effect 
on surface conditions. All other factors remaining the same, 
the finish obtained on one machine will vary from that ob- 
tained on another. The same difference in surface finish was 
observed when alterations such as bearing adjustments were 
made on any one machine. 

Under special conditions it was found possible to finish-turn 
surfaces to less than one microinch and in mass production to 
obtain constantly less than two microinches. Such finishes 
required the use of either carbide or diamond tools. 

A number of interesting curves are shown in connection with 
this portion of the article. These curves are especially useful in 
determining the proper relationship between speeds, feeds, 
depth of cut, nose radius, and relief angles, and the resulting 


surface finish 


Soviet Transport 


HE state of Russia's transport system is reviewed by Paul 

Wohl in an article, ‘‘Transport in the Development of 
Soviet Policy,’’ in the April issue of Foreign Affairs. In it Mr. 
Wohl reveals some facts and figures regarding Russian trans- 
port in the past and the plans the Russians have for increasing 
their transport facilities in the future. 

Transportation occupied a prominent place in the three 
prewar Five Year Plans. From the Second Five Year Plan on, 
the total investment in transportation was greater than that in 
agriculture. The amount increased steadily from plan to plan. 

The railways of Soviet Russia are of greater importance than 
in any other country in the world and rank first among the 
various means of transportation. Their share in the total 
traffic burden increased much faster than that of inland navi- 
gation. From 1928 to 1937, the traffic volume of railways in 
terms of ton-miles rose from 63.8 billion to 243 billion; while 
inland shipping in the same period increased only from 15.62 
to 20.2 billion ton-miles. 

Transport facilities could not keep pace with the develop- 
ments advocated by the Five Year Plans. Asa result, the rail- 
roads of the U.S.S.R. were heavily overburdened. Their traffic 
load per mile of track in 1937 was almost three times as great 
as in the United States (4,814,042 against 1,423,729 ton-miles in 
America). The average active haul per freight car was 86.8 
miles against only 40.6 miles in the United States. At the 
same time, the Soviet railroads had a longer average haul 
‘426.2 miles against 337 miles) and slower average speed per 
freight train (12.2 miles against 16.1 miles). This extraordi- 
nary performance was achieved at terrific cost, accidents galore, 
and a Jarger number of railway men per track-mile than in any 
other country. 

The Germans who kept a rather close record of Soviet trans- 
port development were convinced that the Russian rail system 
would not be able to stand the additional strain of a major 
war. Their experts pointed out that the Second Five Year 
Plan had not been fulfilled, that 6835 miles of new track had 
been planned and only 1871 miles actually built, that the plan 
had called for double-tracking of 5903 miles and that only 3106 
miles had received a second track, that the automatic block 
system was to be introduced for 5157 miles and that it had 
been installed only for 2982 miles, that only 71.5 per cent of the 
locomotives planned had been built, and that only 17.4 per 
cent of all cars were equipped with automatic coupling instead 
of 50 per cent. 

The reason for these shortcomings were two: (1) The first 
Soviet plan established tentative goals; they contained an ele- 
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ment of propaganda, and even if they were not fulfilled they 
generally marked considerable progress; (2) in the particular 
case of the railroad section of the Second Five Year Plan, 
instead of working toward all-round extension and improve- 
ment, as originally planned, only a few new lines were built, 
while existing facilities on certain lines were strengthened and 
adapted to the use of heavy rolling stock. 

These special lines became the backbone of the whole trans- 
portation system. The poor condition of the remaining lines 
was of secondary importance. The purpose of this new rail- 
road policy was to connect the principal production centers, 
separated by vast expanses of thinly populated land, steppes, 
forests, and deserts, at the expense of the transport facilities 
within the various regions. This change of plan saved the 
country from chaos. 

Seen from the outside, the result was confusing. While the 
majority of the lines retained their light roadbed and were 
operated with old and inadequate rolling stock, the trunk lines 
handled a vast traffic with the heaviest and most modern equip- 
ment. Among these were the lines connecting Moscow with 
the Urals and with the Don and Donetz, and even more so the 
railroads between the Urals and the new industrial region of 
Kuznetsk, between the upper Irtish and the Yenisei in west 
Siberia, and between the Urals and the coal fields of Karaganda 
in Kazakhstan. In 1940 this development had gone so far that 
less than 40 per cent of the total track mileage accounted for 
more than 75 per cent of the total traffic. The heaviest traffic 
was located in the Don and Donetz area, in the Urals, in west 
Siberia, and in the confines of Central Asia. 

When the war broke out, most of these interregional trunk 
lines were in operation. In addition the entire Trans-Siberian 
had been double-tracked, and its northern parallel, which 
follows the Amur River and the Manchurian frontier at a 
distance of 200 to 300 miles, was under construction. In the 
last two years before the war, the Third Five-Year Plan added a 
new feature, with the purpose of bringing new raw-material 
bases closer to the main industrial centers so as to shorten the 
haul of such essential commodities as coal and oil, and to es- 
tablish reserve routes in case the existing trunk lines should be 
cut. 

Outstanding examples were: (1) The rail line from Kotlas 
on the Northern Dvina to the Pechora river (between the 
Urals and Archangel) whence coal produced from open seams 
was to be shipped to Leningrad, Moscow, and Murmansk, 
which then depended for their coal upon the Don basin and 
Spitsbergen; (2) two new lines in Kazakhstan to facilitate ship- 
ment of coal and alloys from the Karaganda region to the Urals 
and to points in west Siberia, which hitherto had been supplied 
over much longer distances from the Ukraine and the Kuznetsk 
basin; (3) a new connection between the Murmansk and the 
Archangel railroads diverting traffic from Murmansk to a safer 
line several hundred miles east of the Finnish border; (4) a rail 
link between Baku and Astrakhan, enabling the Soviets to 
continue oil shipments from Transcaucasia to central Russia 
even after the Germans had severed the main line which swings 
westward along the northern foothills of the Caucasus in the 
direction of the Don. None of these four railroads was ready 
in 1941; but construction work had been advanced sufficiently 
to complete them in record time during the war. Without them 
Russia might have lost the battle of transportation. It was 
won thanks to three improvisations: 

First, inland shipping emerged in the summer of 1944 by the 
sheer will power and resourcefulness of its personnel as a major 
factor in Soviet transportation. Instead of the grain and tim- 


ber of prerevolutionary Russia, these waterways now carried 


soldiers and supplies. 
Second, more than 300,000 motor trucks arrived from America 
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and Britain. These, together with several hundred thousand 
Soviet-built motor vehicles, enabled the Red army to roll from 
the Vistula to the Oder long before its rail arm had managed 
to repair the thoroughly destroyed railroads of western Poland 
and to convert them to Russian broad-gage. 

Third, the capture of more than 100,000 standard-gage freight 
cars and locomotives in Bessarabia and Rumania made it pos- 
sible for Russia's southern armies to move across the Carpa- 
thians and through the Danube valley into Hungary. 

Little of this material is available for reconstruction. 
can and British trucks are worn out, and captured standard- 
gage rolling stock cannot be converted economically to broad- 
gage. 

Great damage was created by the war. 
of Transportation has announced that 40 per cent of the coral 
rail network was under enemy occupation. On many lines the 
retreating Germans used special engines to cut the rails and to 
break up the roadbed. It is reported that 32,560 miles of main 
lines and 11,500 miles of secondary lines were destroyed. Since 
the total mileage (including new construction during the war) 
was 66,000 the 40 per cent figure released in Moscow must in- 
clude sidings and tracks on marshaling yards. Also reported 
as destroyed are 2323 large and medium bridges, 317 depots and 
2455 railway stations. Most of the rolling stock, however, was 
evacuated to the rear. 

The Soviet transportation system as it cmerges from the 
war does not present a bright picture. Thousands of miles of 
track and innumerable permanent installations have been 
battered by four years of war and worn out by the demands of 
an enormous trafficload. There isa network of 65,000 miles of 
inland waterways, but only about 3000 miles of canals actually 
in operation, many of them equipped with wooden locks and 
accessible only to small barges with a three-foot draught. 
The only important new waterway is the modern one between 
Before the war waterways carried 


Ameri- 
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Moscow and the Volga. 
altogether about 70 million tons of traffic, representing 20.2 
billion ton-miles (1937)—only 6.3 per cent of the ton-mileage 
of the railroads. There are approximately 37,000 miles of sur- 
faced highways, mostly second rate (against 1.4 million miles in 
the United States), some 130,000 miles of macadamized high- 
way of inferior quality, and about one million motor vehicles of 
which, according to the latest official registration (1943), 
890,000 units were trucks (against 4.7 million trucks in the 
United States). The prewar maritime tonnage totaled 1,300, 
000 gross tons (Lloyd's Register, June, 1939), including a rela- 
tively large number of sturdy small and med: um-sized freighters 
of fairly modern construction. 

The main assets of Soviet transportation are: (1) The indus- 
trial trunk lines east of the Urals and between the Urals and 
the Volga—the former handling a traffic as heavy as that in our 
principal industrial areas, with freight trains carrying 3000 
tons or more; the new rail line to the Pechora coal fields; joint 
use of the excellent Manchurian railroads; mass-production 
facilities for rolling stock in the Urals and iocomotive factories 
turning out large numbers of units of the heaviest type; (2. 
freedom of maritime and coastwise shipping; improved condi- 
tions of navigation along the Northern Seaway around Siberia, 
especially between the Yenisei and the North Atlantic, over 
which route, before the war, large quantities of wood were 
brought to Britain; and (3) several large automobile and tractor 
factories in the Urals and in the central area around Moscow, 
which in 1938 were producing 210,000 vehicles a year, mostly 
trucks, and which have been extended considerably during the 
war. 

Against this background the Soviets have drawn up their new 
Five-Year Plan, covering the period from 1946 to the end of 
1950. According to the responsible heads of the Soviet Rail- 
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way and Inland Shipping Commissariats the main features of 
the plan are as follows: 

(1) The principal new railroad developments will be 
in European and not Asiatic Russia. The greater part of the 
European network is to receive a heavier roadbed and stronger 
rails (on 37,000 miles of track). Existing lines to Soviet Baltic 
ports are to be connected and improved. Russian broad-gage 
will not be extended beyond the boundaries of the U.S.S.R.—an 
indication that the Soviets do not expect to co-ordinate their 
industries too closely with those of Poland and Central Europe. 

2) A vast railway electrification program extending over 
15 years—the largest project of this kind ever undertaken— 
is the most significant and original feature of the new plan. 

Electrification will first be introduced on single-track lines 
where high train frequency would otherwise require the laying 
of a second track. Only double-track lines with the heaviest 
traffic will be electrified. Altogether 18,600 to 21,700 miles of 
track are slated for electrification within the next 15 years, 
representing a total investment of approximately seven billion 
rubles, not including the cost of new power plants. 

(3) Inland shipping will be improved considerably. Here 
again the main development will take place in the central area 
The Marie-Canal system between the Baltic and the Volga is 
to be turned into a large waterway. The Volga which, it is 
revealed, carried only 9,000,000 tons of traffic before the war 
(about one tenth of the traffic of the Rhine and slightly more 
than one fourth of that of the Mississippi) is to be transformed 
into one of the world’s major inland waterways, navigated by 
barges with a carrying capacity of between 4000 and 6000 tons 
and tankers up to 12,000 tons. The Kama River which extends 
from the Volga to the western foothills of the Urals is included 
in this plan. 

4) Increased inland water transport is to absorb a large 
share of the liquid fuel traffic of the railroads. Coal, wood, 
salt, fertilizers, and building material, also are to be carried 
largely by water. Prewar inland shipping which was about 
70 billion ton-miles is to be doubled. This would bring it 
up to the present American traffic volume on rivers, canals, 
and the Great Lakes. 

5) The waterway program also includes development of 
the Siberian rivers. This seems intended to boost the export 
of timber, processed wood, and agricultural commodities, the 
latter two by way of Leningrad, and suggests that the Soviets 
intend to step up their role in international trade to take ad- 
vantage of the world’s rising demand for pulp and wood fiber as 
raw materials for the paper, plastics, and synthetic-textile 
industry. 

6) Maritime shipbuilding is to be increased on a relatively 
modest scale. By the end of the new Five Year Plan the So- 
vict Merchant Marine is supposed to be twice as large as before 
the war, or close to 3,000,000 gross tons (less than the prewar 
tonnage of France or Italy). 

(7) Increased automobile production and highway im- 
provement will promote regional traffic. The Soviet auto- 
mobile industry, according to the plan, will in 1950 turn out 
more than four times as many vehicles as in 1940, i.e., around 
1,200,000 units, not including tractors and trailers for agri- 
cultural purposes. Capital investments in the automobile 
industry for the next five years will reach nearly 4 billion rubles. 

The plan calls for relatively small investments in highway 
construction. Yet more than 100,000 miles of highway con- 
necting the principal cities of European Russia are to be paved 
and several hundred thousand miles of dirt roads are to be made 
accessible to automobiles. 

8) Aviation is to be developed on a large scale. Data are 
less specific than for other means of transportation and judging 
by previous plans, the complete program may not be published 
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for reasons of national security. However, the Soviet aircraft 
industry has been able to turn out 40,000 planes a year during 
the last three years of the war, showing that there is a sub- 
stantial industrial basis for further expansion. 

In 1938, there were more than 70,000 miles of air-line routes 
in Russia, very nearly as many as in the United States. 

‘From a political point of view,’’ concludes Mr. Wohl, ‘the 
transportation section of the new plan suggests that, for the 
next five-year period at least, the U.S.S.R. expects to steer a 
peaceful course. It apparently neither intends to withdraw 
into Asia nor to expand into central Europe. The transporta- 
tion plan makes it clear that there will be no further large- 
scale industrial immigration into Asia and that the nerve center 
of the Soviet realm is going to remain where it was before the 
war. There are no projects of marine or Overseas expansion, 
no provisions for new strategic railroads either in Asia or in 
Europe; some of the highway projects in central Asia may be 
motivated by military reasons, but no other aspect of the plan 
seems to be."’ 


Biomechanics 


HE problem of determining the tensile properties of tendons 

was reported by P. R. Marvin, junior A.S.M.E., in a paper 
entitled, ‘An Approach to the Study of the Tensile Properties 
of Fibrous Tissues,’” which he read before a joint meeting of 
the Aviation, Applied Mechanics, and Biomechanics Divisions 
at a technical session of the 1945 A.S.M.E. Annual Meeting. 

Some notes from Mr. Marvin's paper follow: 

A knowledge of the behavior of engineering materials under 
all conditions of use is recognized as a prerequisite to sound 
engineering application. Engineering determinations are as 
essential in the repair of the human body as in the repair of other 
structures. 

Much stress and strain to which the human body is subjected 
is transmitted or absorbed by fibrous connective tissue. These 
strains are applied to tissues even when the body is at rest. 

Living tissue is transplanted, surgically, from one part of the 
body to another for the repair of anatomical defects. Since 
this technique was introduced by Gallie and Le Mesurier in 1921 
determination of the engineering physical properties of these 
tissues has been of importance. Dr. Charles Murray Gratz, 
early in the nineteen thirties, conducted investigations to meas- 
ure the tensile strength, elasticity, and elastic limit of the 
fibrous tissues of the body in a contribution to the solution of 
problems in the study of the mechanics of the human body. 
The paper presented is part of this program in which the author 
assisted Dr. Gratz in an engineering capacity. 

The yield strength of fibrous tissues has been found to range 
from 6000 to 11,000 psi. As a comparison with other engi- 
neering matcrials these values exceed similar physical proper- 
ties of nylon, which remains the thermoplastic material pos- 
sessing the greatest toughness of any plastic material of equa] 
rigidity. Further comparison with metallic materials can be 
made with annealed copper considered to have a yield strength 
of 10,000 psi and pure aluminum having a yield strength in the 
vicinity of 5000 psi. 

Of particular significance was the elimination of shear of the 
tissue specimen during the test. Shear, a result of a load ap- 
plied in a manner such that it is not parallel to the tissue fibers, 
substantially reduced the values of the yield strength or the 
working strength of the tissues when present. These condi- 
tions focused attention upon shear phenomena from a surgical 
standpoint. 

Histological studies were conducted in which animal tissue 
was employed. Photomicrographs of the tendon tissue show 
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the parallel bundles of wavy fiber bands with a slight tissue 
stroma binding them together. These bundles are covered 
with a connective tissue which blends into the surrounding 
tissue. 

In conducting the tests a hydraulically operated Schopper 
tensile tester was used and tests were conducted at the loading 
rate of 40 lb per min. 

The investigations which have been reported suggest a wide 
range of possible future studies. Much information is needed 
with respect to the shear phenomena which has been observed. 

A background of engineering data with regard to the mechan- 
ics of the body and the accumulation of the results of experimen- 
tal and operative data can be expected to pave the way for a 
broader application of co-operation between the engineering and 
medical profession. 


New AS.H.V.E. Program 


PROGRAM to provide more accurate and dependable 
values of thermal conductivity for most of the insulating 
materials on the market has been initiated by the Committee on 
Research of the American Society of Heating and Ventilating 
Engineers, 51 Madison Avenue, New York, N. Y., according to 
the announcement of L. P. Saunders, Chairman, and will be 
carried out by the Technical Advisory Committee on Insulation. 
The first step in the program, and the one which is now 
actively under way, is the checking and accrediting of the labo- 
ratories which will do this actual testing in accordance with 
the new A.S.T.M. Code. This code (A.S.T.M. C177-45), 
which is the result of joint action of the American Society of 
Heating and Ventilating Engineers, the American Society for 
Testing Materials, the American Society of Refrigerating Engi- 
neers, and the National Research Council, now provides a 
standardized testing procedure for the determination of thermal 
conductivity. 

All of the commercial and university laboratories which are 
known to have hot-plate equipment are being canvassed to de- 
termine whether their equipment conforms to A.S.T.M. 
C177-45 Standards, and whether they are willing to undertake 
tests to establish correlation and determine the relative accuracy 
of the various pieces of test equipment. 

To all the laboratories having acceptable equipment and indi- 
cating a willingness to participate in the plan, the A.S.H.V.E 
Research Laboratory will send a sample of insulating material. 
This sample will be tested in accordance with the A.S.T.M. 
C177-45 Code and returned, together with test results, to the 
A.S.H.V.E. Research Laboratory, Cleveland. The same sample 
will then be sent to the National Bureau of Standards, Wash- 
ington, D. C., where it will again be tested. Accreditation of 
laboratories will be made on the basis of their ability to check 
within acceptable tolerances the values obtained at the Bureau 
of Standards. 

As soon as possible a list of approved laboratories will be 
made available to manufacturers of insulating materials, and 
they will be urged to have their products checked at one of the 
laboratories listed. It is hoped that the progress of this pro- 
gtam will permit the limiting of ‘‘K’’ values for insulating 
materials to be published in the A.S.H.V.E. Guide 1949, to 
those determined in accordance with this new A.S.T.M. Code. 

The program outlined is highly desirable according to Chair- 
man Saunders. Currently published tables of conductivity 


values for insulating materials indicate that they have been de- 
termined by various laboratories, at various mean temperatures, 
and probably with various types of equipment. Also, improve- 
ment in insulating material during the past few years indicates a 
need for the rechecking of insulating values. In addition to in- 
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sulation, many other building materials, which could be 
readily tested by the hot-plate method, should have their “‘K"’ 
values redetermined. Manufacturers of certain roofing ma- 
terials, noninsulating types of building board, etc., should find 
this program of particular interest. 

Any laboratories which have hot-plate equipment conform- 
ing to the A.S.T.M. Code and which have not received the in- 
vitation to participate should communicate at once with the 
A.S.H.V.E. Research Laboratory, 7218 Euclid Avenue, Cleve- 
land 3, Ohio. 


Diesel Applications 


HE principal uses of the Diesel engine and forecasts of its 

future were summarized by Harvey T. Hill, executive direc- 
tor, Diesel Engine Manufacturers Association, in an address 
which he gave at a meeting of mechanical-engineering in- 
structors, in San Francisco, Calif., April 15, 1946. These uses 
are outlined briefly in this review 

Most of the municipally owned power plants in small and 
medium-sized towns are driven by heavy-duty, stationary Dic 
sel engines. In large cities the steam turbine is regarded as the 
most economical type of power producer. 

The chief advantages of the Diesel engine in municipal power 
plants are its operating economy and dependability. Because 
the Diesel burns less fuel than any other type of internal 
combustion engine and because this fuel costs only a few 
cents per gallon, the Diesel can be operated at remarkably 
low cost. 

Another type of community-owned power plant is found in 
Rural Electrification Administration Co-operatives, which 
serve millions of farmers. 

Within cities, many establishments such as department 
stores, apartment buildings, hotels, schools, libraries, and 
office buildings have their own self-contained power plant 

An important ficld for stationary Diesel engines lies in vari 
ous types of manufacturing and processing industries. Here 
Diesels are found at work in shops, mills, quarries, breweries, 
ice plants, dairies, and even in coal mines. In these applica 
tions, Diesels are used both as prime Movers to Motivate ma 
chinery and to provide light and power 

Whenever a survey is made of the power equipment in any 
of these fields, it always reveals a need for more engines. About 
a year ago, Rock Products magazine checked over the Diesel en 
gines in the rock-products industry—among whose principal 
products are cement, crushed stone, sand, and gravel. There 
were 4895 Diesel engines in this industry. not ingluding thos 
in indirect use in power shovels, trucks, and industrial locomo 
tives. Immediate postwar requirements called for 2144 addi 
tional engines. In other words, the rock-products industry 
needs almost half again as many engines as it now has. 

In no other field of application does the Diesel engine pe! 
form so many and varied tasks as in the oil industry. 

Before drilling starts, Diesel-powered tractors haul drill rigs, 
drill pipes, casing, and other equipment to the working loca 
tion. Diesels are used not only for the actual drilling itself, 
but when oil is struck they go to work pumping it out of the 
ground. They dig ditches for pipe lines prior to the pipe being 
laid. They are also used to haul pipe to the ditches, lower it 
into position, and cover it with earth 

Through these great pipe-line systems, totaling more than 
100,000 miles in length, Diesels are used almost exclusively for 
pumping crude oil to the refineries. Diesel engines pump this 
oil against pipe-line pressures up to 1000 psi, 24 hours a day 

In the marine field Diesels are used in passenger boats, cargo 
boats, work boats, fishing boats, and fighting craft. Dicsel 
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engines today have practically no competition in any but the 
smallest types of commercial boats. They are not only used for 
main propulsion but provide auxiliary power for lights and 
for such diversified jobs as compressing air, charging batteries, 
providing refrigeration, operating winches, and powering 
pumps. 

During the war 35,000,000 Diesel horsepower served the 
United States Navy, the Maritime Commission, and the Army 
Transportation Corps in cargo vessels, tankers, victory ships, 
tugboats, landing barges, bulldozers, tractors, and many others 

Some advantages of using Diesels in all types of boats and 
They are economical in operation; the fuel they 
burn requires little space; the ship's cruising range is increased; 
the engines are dependable; and fire hazard is reduced to a 


ships are 


minimum 

Mr. Hill points out, however, that the United States lags far 
behind European countries in the matter of using Diesel engines 
in cargo vesse!s. In England, according to British Motor Ship, 
409 of the cargo vessels now on order, or 48 per cent of the total 
number, are being equipped with Diesel engines. Sixty-seven 
per cent of Sweden's mercantile fleet is Diesel-propelled. The 
figure for Norway is 72 per cent 

One of the most important applications of the Diesel engine 
is that of railroading. Twenty-one years ago the first Diesel 
locomotive—a switcher engine—made its appearance. Nine 
vears later came the first Diesel passenger locomotive and only 
five vears ago the first Diesel freight locomotive was given a 
regular run 

In 1945 the railroads put 534 Diesel locomotives into service 
and only 109 steam. On Jan. 1, 1946, there were 373 Diesel 
locomotives on order against 92 steam. The reason for the 
swing to Diesel locomotives, says Mr. Hill, is that they are 
ready for duty at a moment's notice; they permit faster and 
more dependable schedules; they require less repairing; they 
save money for the railroads; and they give passengers a 
smoother ride. Diesels also make a valuable contribution to- 
ward smoke abatement 

In the automotive high-speed category of Diesel engines 
there are also many applications. Diesel power is employed in 
construction machinery used for building projects and for high- 
way work. Such machinery includes power shovels, dredges, 
convevers, hoists, bulldozers, rock crushers, air compressors, 
and pile drivers. 

Only a small portion of the country’s motor trucks are Diesel- 
powered, but this portion has demonstrated its worth in many 
ways. In the West particularly, where grades are stiff and 
hauls are long, the Diesel-driven truck has distinct advantages. 
Loads up to 38 tons are being hauled for hundreds of miles, 
where reduced running time means much to shippers of 
perishable foodstuffs, cattle, etc. 

The use of Diesels in 6verland bus runs is increasing. Grey- 
hound reports that approximately 38 per cent of its buses, or 
1700 out of 4500, are Diesel-driven and that this portion is 
growing. 

As to using the Diesel engine in the automobile or airplane, 
Mr. Hill states frankly that in its present state of development 
it is not the best type of power for either. Because of the higher 
Operating pressure in its cylinders and the slower speed at 
which it turns, the Diesel engine must be strongly constructed. 
This makes it weigh too much and take up too much space. 
Also, most Diesels lack the quick pickup and flexibility of the 
gasoline engine. Finally, their initial cost is higher. 

Viewing the Diesel industry generally, Mr. Hill sees a pros- 
perous future ahead. During the war many improvements and 
refinements were made in American Diesel engines. Now, in 
ort times, these developments will be passed on to civilian 

uyers. 
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3500-Hp Gas-Turbine Plant 


ECAUSE of the need for a gas-turbine test unit capable of 
testing high-temperature materials under actual full-scale 
service conditions, the Bureau of Ships, U. S. Navy, arranged in 
1940 for the Allis-Chalmers Manufacturing Company, Mil- 
waukee, Wis., to design and construct a 3500-hp experimental 
gas-turbine unit capable of operating at temperatures up to 
1500 F. It was installed in the U. S. Naval Engineering Ex- 
periment Station at Annapolis, Md., in 1944. 

The unit has been under test for almost two. years, operating 
at progressively increasing turbine inlet temperatures and has 
just recently completed a successful series of test runs at 1350 F, 
the highest operating temperature ever reached in a stationary 
unit of this size. 


THE CYCLE 


The cycle selected for this experimental gas-turbine power 
unit is known as the parallel turbine regenerative cycle, sce 
Fig. 12. One turbine drives the gas- generator compressor and 
the second or power turbine drives the water brake or dyna 
mometer. Air enters the gas-generator compressor at atmos- 
pheric pressure in which it is compressed to 45 psig. The 
compressed air then enters the heat exchanger where, at full 
load, it is heated by the turbine exhaust gas from a temperature 
of 363 F at the compressor discharge to a temperature of 750 
F at the entrance to the combustion chamber. After leaving 
the heat exchanger the preheated air flows directly downward 
into the two horizontal combustion chambers, one of which 
supplies the gas-generator turbine driving the compressor while 
the other supplies the power turbine. 


AXIAL-FLOW COMPRESSOR 


Following through from the point where the air enters the 
cycle, one of the essential features is the axial-flow compressor. 
Fig. 9 shows a section of this compressor. In this element 
there are 20 stages of airfoil-section blades, so arranged that the 
air is accelerated by the moving blades and then slowed down 
in the stationary elements in such a manner that part of the 
velocity energy is converted into pressure. This compressor 
runs at an efficiency of about 85 per cent when compressing the 
full-load volume of 40,000 cu ft of air per min against the operat- 
ing head of 45 psig. The simple character of this compressor 
and the entire absence of gears, sliding rods, or pistons are 
favorable factors in the direction of extreme reliability, quiet 
operation, and lack of vibration. 

REGENERATOR 

The regenerator, or heat exchanger, is interposed between the 
compressor discharge and the combustion-chamber inlet and is 
designed to recover a portion of the heat in the turbine exhaust 
gas which would otherwise be lost from the cycle. This heat 
is absorbed by the high-pressure air on its way to the combus- 
tion chambers and thus effectively reduces the amount of fuel 
required to raise the turbine inlet temperature to any desired 
value. 

The regenerator used in this unit is of the counterflow type 
with the hot gas inside the tubes and the high-pressure air on 
the outside. This arrangement was made to facilitate clean- 
ing the tubes of any possible deposits on the gas side. The 
regenerator has an external heating surface of 8500 sq ft and is 
designed to have an effectiveness of approximately 60 per cent 
with relatively low pressure drops on the air and gas sides. 


COMBUSTION CHAMBERS 


A section through a combustion chamber, see Fig 10, 
shows that each of the two combustion chambers is supplied 











572 


FIG. 9 


with a single oil burner in which the liquid fuel is broken up 
by mechanical atomization into extremely fine particles to pro- 
mote rapid burning. The central flame tube is arranged to pass 
the proportion of the air flow necessary to support and complete 
combustion. The remainder of the air flows between the flame 
tube and the outer wall of the combustion chamber, thereby 
reducing the temperature of the flame tube to a safe operating 
level, and at the same time avoiding the use of refractory 
brickwork. The cooling air and combustion gases are then inti- 
mately mixed by allowing the oppositely whirling concentric 
streams to come together at the end of the flame tube. 

The heat release in these combustion chambers at full design 
load is approximately 2,500,000 Beu per cu ft per hr, which is 
several times the heat release of the ordinary high-capacity 
central-station boiler. 

The present unit is operating with No. 2 furnace oil. This 
class of oil distillate has been adopted for the initial experi- 
mental tests because of its availability at the Experiment 
Station. In an ultimate installation it is predicted that fuels of 
grades as low as bunker C fuel oil will be used. Future plans 
for land installations contemplate burning pulverized bitumi- 
nous coal. 

Attention is directed to the extremely simple arrangement of 
the combustion system. The air leaving the axial-flow com- 
pressor first passes through the regenerator where it picks up 
waste heat from the turbine exhaust gases. The gas flow is fur 
ther heated by the burning of fuel directly in the air stream 
The form of the combustion chamber and the use of the air-cooled 
flame tube make unnecessary the use of brickwork, hence the 
unit will respond quickly to load changes, during which the 
power demands are met by the simple manual opening or closing 
of the two fuel valves. In a service installation the fuel con- 
trol may be reduced to a single, manually operated valve or the 
fuel control may be made automatically responsive to load or 
speed. 

The fuel spray nozzles in the combustion chambers are de- 
signed to give complete atomization of the fuel over a wide 
range of flow. 


GAS TURBINES 


The gas turbine which drives the axial-flow compressor is 
substantially the same as the one that drives the water brake 
or dynamometer except that the compressor or gas-generator 
turbine has somewhat longer blades and is supplied with an 
ait-operated internal by-pass that is opened when starting. 
Each turbine has five pressure stages and operates at 5200 rpm 


SECTION OF AXIAL FLOW COMPRESSOR 
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! at full load. The first two 
stages are of the impulse type 
in which the expansions from 
the upper to the lower stage 
/ pressures are substantially 

completed in each complete 


ainda eu ring of nozzles which directs 
fF ; the high-velocity gases on to 
em HA the crescent-shaped moving 


ws. . blades. A diaphragm carries 
rn the nozzles that separate the 
{ first and second impulse stages 

The last three stages are of 
the conventional reaction 
type. The last reaction stage 
discharges the gas to the tur- 
bine exhaust chamber where 
it passes to the regenerator 
and then to the atmosphere. 

An effective method is em 
ployed for cooling the face of 
the high-temperature turbine wheel. Air is carried through the 
outer of the two cooling tubes to a disk adjacent to the side of 
the high-temperature wheel. A series of holes in the periphery 
of this stationary disk directs the cooling air to the side of the 
first-stage turbine wheel. The cooling air then passes radially 
inward over the side of the disk and thence out through the 
center pipe to a water-cooled heat exchanger from which it is 
returned to the outer cooling duct by a positive blower. By 
this means there is effective cooling of the turbine disk without 
the loss of power that would otherwise result from the use of 
air pumped directly from the atmosphere to the first-stage 
pressure. 

In like manner, cooling air is introduced around the pe 
riphery of the second-stage diaphragm. It is led through radial 
holes to an annular passage around the center portion of the 
diaphragm and then passes through a scrics of holes that allow 
the cooling air to blow on the downstream side of the high 
pressure wheel. The cooling air is supplied in sufficient quan- 
tity to about equal the leakage of the diaphragm labyrinth seal. 
Thus the high-temperature turbine wheel is effectively blan 
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FiG. 10 sECTION OF ONE OF THB COMBUSTION CHAMBERS 
keted against the weakening effect of the high-temperature gas 
by the cooling means described. 

The blades and disks of the turbines are constructed of a re- 
cently developed high-temperature Timken alloy steel which 
includes 16 per cent chromium, 25 per cent nickel, and 6 per 
cent molybdenum. This was developed for use particularly in 
the Annapolis unit and has also had extensive service in super- 
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chargers and jet-propulsicn 
engines during the recent war 
The heavy stationary parts of 
the turbines are made of an 
alloy steel containing 25 per 
cent chromium and 12 per cent 
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PIPING 


In a gas-turbine plant ot 
3500 hp capacity, enormous 
quantities of air and hot gases 
are continuously circulating 
through the system, requir- 
ing large pipes. The air-in- 
take pipe in the Annapolis 
unit is 36 in. inside diameter, 
and the exhaust opening of the gas generator turbine is 42 in. 
in diameter in spite of rather high gas velocities. The pipes 
leading from the combustion chambers to the turbines appear 
large because the insulation necessary to withstand the hot 
gases at 1500 F is inside between the double-wall construc- 


tion 


FIG. 12 


STARTING 


The unit can be started with less than 100 hp and an electric 
motor is connected to the compressor unit by a clutch for use 
up to a starting speed of approximately 25 to 35 per cent of 
full-load speed. A gas-turbine unit must be started with ex- 


ternal power in much the same manner as a motorcar engine 
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The starting motor is disengaged and shut down when the firing 
speed is reached and the fuel is ignited in the combustion 
chambers. The unit can then be brought up to full speed by 
manual fuel control. 
TEST RESULTS 

Both the gas-generator turbine and the power turbine were 
operated at full speed of 5200 rpm for more than 50 hr in 
November, 1945, with exceedingly smooth operation, and sub- 
sequent examination revealed an excellent condition of all 
parts. These runs were made with 1200 F inlet temperature on 
the power turbine and 1100 F on the gas-generator turbine. 

Continuing the test schedule, 50-hr runs were recently made 
with inlet temperatures of 1350 F on the power turbine and 
1200 F on the gas-generator turbine, again with very smooth 
operation and no serious complications or indications of dis- 
tress in the high-temperature rotating elements. 

Occasional minor mishaps have developed during the testing, 
but so far these have been overcome without serious difficulty, 
and the unit is delivering its expected performance. 


APPLICATION OF GAS TURBINES TO MARINE PROPULSION 


The pioneering development of this high-temperature experi- 
mental gas-turbine unit will provide information for future in- 
stallations with high efficiency and low weight and space re- 
quirements for horsepower output. The mere fact that a large 
gas-turbine power unit has been operated at red heats of 1350 F 
is in itself a noteworthy achievement. 

From the present outlook, gas turbines of this type can be 
applied to the propulsion of ships with what is predicted to be 
lower weight per horsepower and smaller space occupancy than 
is now possible with other classes of propulsion equipment. 
There is evidence that units of this type can be built to operate 
at higher thermal efficiencies than now realized in marine 
steam-turbine power plants operating in conventional pressure 
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and temperature ranges. There is but little service experience 
available with the long-time operation of high-temperature 
gas turbines of multistage construction where high efficiency 
is necessary. Toward the end of developing extensive practical 
service experience under high-temperature conditions, the pres- 
ent unit was developed and built. A promising future for gas 
turbines for marine work is indicated by excellent operation of 
the Annapolis equipment. 


Powder Metallurgy 


T the second annual medal lecture sponsored by the Powder 
Metallurgy Laboratory of Stévens Institute of Technology 
Hoboken, N. J., held on April 24, 1946, Dr. William D. Jones, 
of London, England, spoke on the subject, ‘British Powder 
Metallurgy.’ He was presented with the medal awarded an- 
nually by the president and trustees for outstanding achieve- 
ment in the field of powder metallurgy. Dr. Jones, officer and 
consultant with several powder-metallurgy firms in Great 
Britain, is in this country to study powder-metallurgy methods 
in the United States. 

Foreseen as a product of powder metallurgy by Dr. Jones are 
“synthetic alloys having physical properties at present far be- 
yond our daydreams." 

In discussing the commercial future of powder metallurgy in 
England, he stated that to exist in the future, England must 
increase exports with emphasis on the metal and plastic mold- 
ing and finishing trades. 

Dr. Jones sees three future fields for powder metallurgy. 
First, and possibly largest, as a technique in handling of the 
primary metals, and this is a field for the United States. Second, 
as the field of manufacture of shaped components for use cither 
in stressed or unstressed positions. This will be a growing 
field but highly competitive. Third, and most important, is 
the making of articles having physical properties that cannot 
be imitated by other techniques. 

In outlining the progress of powder metallurgy in England, 
Dr. Jones told how the beginning of the war not only expanded 
existing production but made it necessary to commence manu- 
facture of many powders with which there was little or no ex- 
perience in England. 

The flake-aluminum-powder industry was expanded to pro- 
duce powder for incendiary bombs. Metal spraying is more ad- 
vanced in England than in America and zinc powder for metal 
spraying was made in increasingly large quantities during the 
war. The powdered alloy of 50-50 aluminum-magnesium for 
incendiary bullets and bombs was manufactured. The Degussa 
rotating-disk process, introduced shortly before the war, made 
possible the manufacturing of ferrous and nonferrous alloy 
powders. Electrolytic copper powder was imported by England 
before the war, but the problem was seriously tackled and there 
are now two firms successfully manufacturing this powder. 

The field of manufacture of articles from powders was at a 
standstill in England during the war, with the exception of the 
manufacture of steel-backed copper-lead bearings and the manu- 
facture of piston rings by powder metallurgy. The manufac- 
ture of hard carbide materials was tremendously increased, 
particularly with the production of carbide bullet cores, and 
the manufacture of radio and telephone cores became a sizeable 
industry. 

The deicing strip along the leading edges of the wings of air- 
craft made bysintered products was described by Dr. Jonesas pos- 
sibly the most original and interesting wartime development in 
powder-metallurgy products. This is a porous metal strip 


made usually of cupronickel through the pores of which is 
pumped, in small amounts, a deicing fluid. The system makes 
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it possible to deliver exact quantities of deicing fluid to any 
part of the aircraft wings irrespective of changes in wing section 
or curvature. 


In General 


Miniature Hydraulic Control 


MINIATURE hydraulic remote control, the smallest of 
its type and weight, has been developed by Sperry Prod- 
ucts, Inc., Hoboken, N. J 
Transmitter and receiver, made of bronze, together weigh 
only 3.7 1b. Any motion of the transmitter arm will be dupli- 
cated by the receiver arm. Either arm will move through an 
arc of 60 deg, and the receiver arm may be drilled at any loca- 
tion to obtain the desired linear travel of the actuating rod 
The complete system is dustproof and waterproof. Trans 
mitter and receiver may be joined by as much as 35 ft of connect- 
ing tubing without experiencing any difficulty 





FIG. 13 


MINIATURE HYDRAULIC CONTROL 


German Insulating Material 


A new foam material, produced in Germany, is reported by 
the U. S. Naval Technical Mission in Europe to be an excellent 
lightweight insulating material for temperatures below 50 C 
At higher temperatures shrinkage issaid to occur and this limits 
the practical use of this material. 

Present uses for the material in Germany include insulation 
for icehouses, cold rooms, dry-ice containers, and storage cars 


Machine-T ool Forum 


More than 300 representatives of 100 firms met in the William 
Penn Hotel, Pittsburgh, Pa., April 9 and 10, to discuss develop- 
ments in electrical equipment and machire controls at the Tenth 
Annual Machine-Tool-Electrification Forum held there by the 
Westinghouse Electric Corporation. 

Largely in attendance were tool engineers who were inter- 
ested in developments made during the war which are now 
applicable to peacetime industry. 
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The outstanding feature presented at the meeting was a line 
of 71/2 hp motors constructed of */s-in-plate welded sections. 
Three types of this motor were demonstrated and it was stated 
that the saving in weighr varied from 10 per cent in the open 
type to 50 per cent in the fully enclosed type. There was also a 
material saving in size. 


V-Type Diesel 


A V-type Diesel engine designed to pack more horsepower 
into less space and with less weight, has been announced by 
The Cooper-Bessemer Corporation, Mount Vernon, Ohio. 

The new engine—the FV—is built to furnish power for 
locomotives, shallow-draft river boats, draglines, dredges, ex- 
cavators, and various other stationary and industrial applica- 
tions. It is a 4-cycle engine with a 9-in. bore and 10!/- in. 
stroke and is being built in 12- and 16-cylinder models. 

Among its distinctive features of design are a four-valve 
head, a one-piece cylinder and head assembly, and a geared 
accessory drive which is enclosed in the main frame. 


Aluminum Axle 


A lightweight heavy-duty truck axle with aluminum hous- 
ing, hubs, and brake shoes has been announced by the Timken- 
Detroit Axle Company, Detroit, Mich. This marks the first 
time that an aluminum axle has been offered as a standard line 
of equipment. It was developed in co-operation with Alumi- 
num Company of America, Pittsburgh, Pa 

The aluminum rear axle is designed for heavy-duty hauling 
on highways and city streets in cities and states allowing over 
18,000 Ib at the tires on the ground per axle. 

With aluminum construction, the axle weighs 220 Ib less 
than the same unit equipped with malleable-iron parts. It is 
said that this reduction in unsprung weight should lengthen 
tire life and improve riding qualities of the truck. 


Metal Lens 


A revolutionary metal lens capable of focusing radio waves 





FIG. 14 METAL LENS SHOWN WITH ITS DESIGNER, DR. WINSTON B. 
KOCH OF BELI. TELEPHONE LABORATORIES 
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much as an optical lens focuses light has been developed at 
Bell Telephone Laboratories, New York, N. Y. 

The lens is expected to find its most widespread application in 
microwave radio relay systems such as the New York to Boston 
channel now under construction. While these new systems are 
designed primarily as adjuncts to the telephone network, they 
are expected to find additional use in transmitting pictures, 
radio broadcasts, and television programs. The lens is also ex- 
pected to be of value in the peacetime development of radar as 
an aid to sea and air navigation. 


Leak Detector 


In order that the many high-vacuum systems used in the 
atomic-bomb project operated efficiently, a fool-proof detector 
that uses helium gas to ferret out leaks had to be developed by 
Westinghouse research scientists. 

So sensitive is the device that it can instantly sense the pres-: 
ence of a contaminating substance in proportions as small as one 
part in several hundred thousand. The exact location of the 
leak is also shown. 


Fellowships 


In recognition of the importance and contributions of the 
Graduate Division of the Georgia School of Technology to 
Southern industry and engineering education through its post- 
graduate training of qualified engineering and research person- 
nel, the Westinghouse Electric Corporation through its South- 
eastern District Manager, Thomas Fuller, has made a grant of 
$15,000 to the Georgia Tech Alumni Foundation for the estab- 
lishment and administration of two fellowships at Georgia 
Tech, it was announced recently by Frank H. Neely, member 
A.S.M.E., president of the Foundation. To be known as the 
*‘Westinghouse Fellowships in Electrical Engineering,’’ the 
award of $1250 per year for each fellowship will be open to 
candidates holding a bachelor’s degree in electrical engineering 
from accredited colleges and universities throughout the coun- 
try and indicating a desire to complete the requirements at 
Georgia Tech for a master of science degree in electrical en- 
gineering. 


German Helicopters 


Ten helicopters (FA 223), able to climb 18 fps with 10 
passengers and a full load of fuel, were built by the Germans 
before the Allies bombed out the manufacturing plant near 
Bremen, according to a report released by the Office of the 
Publication Board, Department of Commerce. 

The report was made by investigators for the Technical In- 
dustrial Intelligence Branch, Department of Commerce. It is 
based on an interview with the German producer and on exami- 
nation of one of the two machines that were still flyable at the 
time of the investigation. 

Specifications for the helicopter called for a gross weight of 
8150 Ib for stress purposes, two 3-blade rotors with a diame- 
ter of 39.4 ft each, seating capacity for 10, fuel capacity of 130 
gal, and crankshaft rotation at 2500 rpm. 

Among the numerous unusual features of the helicopter is 
the method used for suspending the engine. Two conventional 
tubular rings, about 33 in. apart, equipped with rubber 
vibration absorbers, support the engine at points forward and 
aft of the cylinders. The rings are supported by cables to the 
four corners of the steel tubular fuselage. No fore and aft 
bracing is used. Construction details are also described in the 
report. Drawings are appended. 




















COMMENTS ON PAPERS 


Including Letters From Readers on Miscellaneous Subjects 


Viscosity of Lubricants Under High Pressure 


ComMMENT BY A. L. Beat! 


This paper? is a valuable contribution 
in the endeavor to convert the art of 
lubrication into sound technical practice. 

Bearing pressures for some applications 
are rapidly approaching pressures pet unit 
of projected area of 800 or 900 atm and 
under moderate shaft distortions, a meas- 
urable fraction of the bearing may indi- 
cate loads of the order of 2500 atm. 
High-speed gears have been detected as 
sensitive to excessive film thickness at the 
temperature of operation and without 
benefit of too certain knowledge of the 
solution of the problem in terms of the 
lubricant employed. The result with 
highly loaded gear teeth and high-speed 
gears has been the early destruction or 
deformation of the pinion bushing. 
While some of us have long considered 
that a 6-microinch film is adequate to 
separate the surfaces of gear teeth not 
absolutely rigid, we have not known 
how to avoid a higher film thickness 
though conscious of its apparent effect. 

The foregoing statements are not an at- 
tempt to contribute data to the subject, 
but merely to emphasize the writer's 
views on the desirability of co-ordinating 
all available data on the viscosity of lubri- 
cants under high pressure and to supple- 
ment inadequate data with further work. 

While there is slight hope that we will 
have viscosity relations analogous to the 
steam tables in the near future, it is cer- 
tain that lubrication cannot be a scientific 
practice until viscosity relations in the 
pressure and temperature range of cur- 
rent and early anticipated use are deter- 
mined. 


ComMENT By Paut H. Bracx® 


Two aspects of lubrication that are im- 
portant in the design of a journal bearing 
are (4) choice of oil and (4) performance 


1 Research Engineer, Wright Acronautical 
Corporation, Paterson, N. J. 

2“*Viscosity of Lubricants Under High Pres- 
sure," by Mayo D. Hersey and R. F. Hopkins, 
Mecnanicat ENGINEERING, Vol. 67, 1945, pp. 
820-824. 

® Associate Professor of Machine Design, 
Cornell University, Ithaca, N. Y. Mem. 
A.S.M.E. 





of the chosen oil in the bearing. The co- 
ordinated data in this paper are of great 
significance to the mechanical designer 
because they clearly indicate the marked 
influence of the pressure coefficient on 
viscosity for petroleum oils, which in 
turn affects the two design aspects men- 
tioned, 

For calculating bearing characteristics, 
methods have been developed which take 
into account both viscosity-pressure and 
viscosity-temperature relations.‘* The 
latter reference shows that an increase in 
load-carrying capacity of 29 per cent and 
a shift in position of the load of 44 deg 
result from an inclusion of the pressure 
coefficient in calculations for a particular 
journal bearing with a particular oil. The 
reference also points the way to consider- 
ing the relation between viscosity and 
rate of shear in addition to pressure- 
temperature-viscosity relations. 

Thus the co-ordination of data in the 
paper and the indicated directions by the 
authors for further investigations spon- 
sored by the A.S.M.E. Special Research 
Committee on Lubrication should lead to 
an improved approach to the design of 
journal bearings. Eventually a design 
procedure with the necessary data may 
be developed which should lead to 
placing the journal bearing in a more 
favorable position with reference to its 
competitors. 


ComMENT By A. Bonpi® 


The comparatively large number of vis- 
cosity (versus pressure and temperature) 
data which have been published during 
the past 50 years certainly need some over- 
all correlation if they are to become of 
practical value to the lubrication engi- 
neer. The condensation of available ex- 
perimental results and the quite complete 
bibliography which the authors pre- 





‘ Refer to author's Bibliography (42). 

5 “The Introduction of Variable Viscosity in 
the Analysis of Full Journal Bearings,’’ by M. 
A. Oksal, Cornell University Graduate School 
Thesis, 1946. 

* Chemical Engineer, International Lubri- 
cant Corporation, New Orleans, La. 
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sented are valuable and timely reminders 
of the work which has yet to be done, 
both experimentally and theoretically. 
The writer would like to add some re- 
marks to their conclusions, pointing to 
ward future tasks: 

(a) Experimentation. Emphasis should 
be put upon widening the temperature 
range within the presently most “‘easily ’ 
reached and interpreted pressure limits 
(~2000 arm> 

The viscosity - pressure - temperature 
curves of the pure hydrocarbons which 
have been synthesized for the API-Project 
42 by the chemistry department of The 
Pennsylvania State College,’ should be 
determined to help in the proper evalua 
tion of the data obtained with lubricat 
ing oils from petroleum fractions. 

The effect of various additives, espe- 
cially polymeric ‘“‘viscosity-index im 
provers’’ upon the  viscosity-pressure 
function should be studied in detail. The 
development of a relatively simple high 
pressure viscosimeter, possibly of the 
rolling-ball type, needs to be encouraged 
and subsequently presented to the 
A.S.T.M. D-2 Committee so that a 
wider circle of lubricant consumers and 
manufacturers may become induced to 
determine the viscosity-pressure curves 
of lubricants in the pressure range up to 
1000 or 2000 atm. Only then can rapid 
advance of our understanding of th 
phenomena involved be expected. 





7 The Syntheses and Properties of Hydro- 
carbon of High Molecular Weight,’’ by D. N 
Cosby and L. H. Sutherland, part 1, Refiner and 
Natural Gasoline Manufacturer, vol. 20, 1941, pp 
471-480; also Proceedings of the American 
Petroleum Institute, vol. 22, sect. III, 1941, 

p. 13-24. 

Also by R. W. Schiessler and five collabora- 
tors, Petroleum Refiner, vol. 21, 1942, pp. 383- 
400; also Proceedings of the American Petro- 
leum Institute, vol. 23, sect. III, 1942, pp. 
1$-37. 

Also by R. W. Schiessler and five collabora- 
tors, Petroleum — vol. 22, 1943, pp: 390- 
409; also Proceedings of the American Petro- 
leum Institute, vol. 24, sect. III, 1943, pp. 
49-74. 

8 *‘Theory of Rate Process,"’ by S. Glasstone, 
K. L. Laidler, and H. Eyring, McGraw-Hill 
Book Company, Inc., New York, N. Y., 1941. 

®**Pressure and Rate Processes,"’ by A. E. 
Stearn and H. Eyring, Chemical Review, vol. 29, 
1941, PP. 509-523. 

R. E. Powell, Ph.D. Thesis, Princeton, 
1943. 
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(6) Theory. The pressure coefficient of 
viscosity has been given a relatively 
simple meaning by Eyring’s theory of 
viscous flow.’ This theory, which 
has been able to reduce all flow phe- 
nomena, be it those of simple or complex 
fluids or creep of metals, etc , to fairly 
clear-cut physical terms, explains flow as 
resulting from the formation of holes in 
the neighborhood of the few “‘activated"’ 
molecules which by their movement into 
these holes permit flow. Analysis of this 
model of flow processes leads to a rela- 
tion between the number of activated 


molecules and viscosity 


Vn : 
RT In © = RT In (i) = AFy...[1] 


h 
where R ras constant; T = absolute 
temperature; ¢, ¢¢ = concentration of 
normal and activated molecules, respec- 
tively; V = molecular volume; 7 = 
lvnamic viscosity; N = Avogadro num- 
h = Planck constant; A Fy = free 
gy of activation. Thermodynamics 


ves the relation between free energy and 
ssure changes for the process of activa- 


2a st) 7 i 
; = Ary 2 
+ T 


where A V+ is the volume increase of the 
activated over the ordinary molecule, or 
simpler yet, the size of the “‘hole’’ pre- 
viously mentioned. This gives for the 
relation between viscosity and pressure 


tion 


This general form of the viscosity- 
pressure function has been found empirt- 
cally by various investigators.''!? The 
point which the writer wants to stress in 
this discussion is the relationship be- 
tween the pressure coefficient A Vy and 
the chemical constitution of the lubricant 
as well as the viscosity-temperature coefhi- 
cient. 

The writer'® has shown recently that 
the numerical values of AV; are in accord 
with an older theory, according to which 
large linear molecules move only in rela- 
tively small segments, whereas spherical 


1! References (13), (23), (24) of the au- 
thors’ Bibliography. 

12**High Pressure Viscosity as an Explana- 
tion of Apparent Oiliness,"’ by H. A. Everett, 
S.A.E. Journal, vol. 41, Nov., 1937, pp. 531- 
540. 

13*'The Rate Process Theory of Flow,’ by 
A. Bondi, presented at the annual meeting 
of the Society of Rheology, Oct. 26, 1945, New 
York, N. Y. 
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TABLE 1 VALUES OF COEFFICIENT 4 Vt AND RATIO AV}$/V FOR VARIOUS LIQUIDS 


P 
Liquid: atm 
n-Hexane eee ce oe 
n-Decane... asap aleat 500 
Benzene be Sh A: 1000 
Methy] cyclohexane... 1000 
Lube oils: 
Paraffinic 272 
Aromatic 350 
ere 272 
Bright stock (Russian) 272 
Sperm oil 65 
Linseed oil... 600 
Castor oil..... I 
Pentachlorodipheny] 140 


molecules or parts of molecules move 
naturally either in toto or notatall. The 
volume requirement for flow A Vz (the 
pressure coefficient of viscosity) is there- 
fore small for liquids made up of linear 
molecules such as fatty oils, and large for 
those of spherical molecules such as 
chlorinated diphenyls, with petroleum- 
derived lubricating oils varying between 
these two extremes, according to their 
individual (average) chemical constitu- 
tion (see Table 1 of this comment). This 
relationship between chemical constitu- 
tion and viscosity-pressure coefhicient has 
been formally, but not theoretically, 
recognized by others. !* 

The temperature coefficient of viscosity 
depends in a very similar manner on 
size and shape of the molecules of the 
liquid, being small for linear and large for 
spherical molecules. As the temperature 
coefficient has long been recognized as a 
measure of the potential energy between 
the molecules of a liquid, its relationship 
to AV; is fairly obvious. The writer has 
given mathematical expression to this re- 
lationship, '* which is, however, far from 
simple. Its presentation is beyond the 
scope of this discussion. Suffice it to say 
that it exists, and also that one cannot be 
calculated from the other without the use 
of additional physical material constants, 
a result which has, at least qualitatively, 
been anticipated by Kiesskalr."* 

From the point of view of the lubrica- 
tion engineer it is important to know 
that the pressure coefficient of viscosity is 
in a fairly simple manner related to the 
chemical composition of liquids so that 
he can ask the chemist to ‘‘tailor’’ lubri- 
14 **Relationship Between Aniline Point and 
Pressure Coefficient of Viscosity,’’ by R. B. 
Dow. Presented at the annual meeting of the 
Society of Rheology, Oct. 26, 1945, New 
York, N. Y. 

“Determination of the Pressure-Viscosity 
Coefficient and Molecular Weight of Lubricat- 
ing Oils by Means of the Temperature-Viscos- 
ity Equation of Vogel and Eyring,’’ by A. 
Cameron, Journal of the Institute of Petroleum, 
vol. 31, Oct., 1945, pp. 401-414. 

18 See Fig. 6 of the authors’ paper. 


t AV V AV+/V¢t AVt 
degC cm? cm? deg C 

30 16.0 134 0.119 75 * 20.3 
3° 19-5 197 0.099 75 23.0 
30 16.6 go 0.185 75 18.0 
30 20.5 129 0.159 75 24-5 
3854 4 0.135 9945 
54 83.6 442 2.190 

38 $6.2 310 0.182 99 55 
38 65 748 0.087 99 61 
20 38 605 0.064 

2 2.7 942 0.029 5° 23 
25 40 978 0.041 100 24 
54 226 207 I .0go 99 7O 


cants of the required pressure character- 
istics to order, and also that the logarith- 
mic form of the viscosity-pressure relation 
is not just an empirical one but can be de- 
rived from first principles. 


Comment BY J. J. Broeze™® 


Most of the work done on the pressure 
effect with regard to viscosity, so far, has 
dealt with more or less static conditions, 
that is, the fluid has been assumed to be 
under a high pressure in its entire bulk, 
and flow properties under conditions of 
low differential pressures and of small 
deviations from a constant temperature 
have been considered. In many cases 
this is far from the truth. High-pressure 
areas may develop particularly by dy- 
namic action under conditions approach- 
ing boundary lubrication, and it is under 
such conditions that we are most inter- 
ested in the effects of pressure on the car- 
rying capacity of the oil film at such 
spots. These conditions are more nearly 
described by the assumption of very 
great pressure differentials and adiabatic 
instead of isothermal conditions in the 
oil film, a considerable amount of fric- 
tional heat developing exactly at those 
places. 

An attempt to compare isothermal and 
adiabatic conditions in this film, taking 
the variation of viscosity with pressure 
into account, was made in 1943, by Dr. 
Nederbragt, in the Amsterdam labora- 
tory of the Bataafsche Petroleum, Ltd. 
(Royal Dutch-Shell Group), of which 
(due to lack of exact notes) only the fol- 
lowing features may be related: 

Isothermal Conditions. Compazison of a 
low-viscosity-index oil (great pressure 
effect) with a high-viscosity-index (smal- 
ler pressure effect) shows a pressure pat- 
tern with a more pronounced local peak, 
a thinner film, and distinctly higher fric- 
tion in the case of the low-viscosity- 
index oil. 

16 Director, Royal-Dutch Shell Laboratory. 


Mail address Delftweg, 17 d, Ryswyk, Nether- 
lands. 
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Adiabatic Conditions. Assuming, for the 
same case of area and load, that'all fric- 
tional heat remains in the oil, the effect is 
to reduce viscosity by increased tempera- 
ture and, as the frictional heat tends to be 
higher with the low-viscosity-index oil, 
its temperature rise will be higher also. 
The net results of the calculation gives 
little difference in friction, but a pro- 
nounced difference in “‘flash’’ tempera- 
ture, with, again, a somewhat thinner 
film for the oil with the great pressure- 
viscosity effect. 

Of course, these calculations have only 
been possible under greatly simplified as- 
sumptions but they show in their results 
certain features of the total problem that 
must be integrated into the whole picture 
if we are not to draw entirely erroneous 
conclusions. 


ComMENT By R. B. Dow” 


Since one of the primary aims of the 
present paper is co-ordination of results, 
mention might be made of two methods 
which have offered some promise as prac- 
tical ways of representing viscosity- 
pressure results for liquids. One is the 
use of the A.S.T.M. Viscosity-Tempera- 
ture Chart'* D341-39 to represent the 
viscosity-pressure-temperature data of 
lubricating oils. Limited application of 
the chart has shown that the isobars are 
linear over a considerable pressure range 

25,000 psi) above atmospheric, the nor- 
mal condition for use of the chart. The 
second is the Pi-function scale’ which 
has been applied to Bridgman’s results 
for the viscosity of paraffinic and other 
pure liquids under pressure. By this 
method it appears possible to estimate the 
internal pressure of liquids from viscosity 
data. The writer, in applying the Pi- 
function method to lubricating oils, has 
not found it to be one of high accuracy, 
but the simplicity is such that it is to be 
recommended for further study where cor- 


relations with other properties are 
sought rather than high numerical 
accuracy. 


The writer concurs with the authors’ 
conclusion, particularly as regards the 
need for data at more temperatures, and 
at virious rates of shear. There is imme- 
diate need for data on the so-called low- 
temperature oils between 0 and —60 F, 
and on oils subjected to the very high 


17 Ballistics Research Laboratory, Aberdeen 
Proving Ground, Aberdeen, Md. 

18 “* Viscosity-Temperature-Pressure Relation 
of Hydraulic Oils,"’ by R. B. Dow and F. S. 
Veith, abstract of paper before the Society of 
Rheology, Rheology Bulletin, vol. 12, 1941, p. 
34. 

19**The Viscosity Function,’ by E. P. 
Irany, Journal of the American Chemical Society 
vol. 60, 1938, pp. 2106-2115. 


rates of shear now found in the moving 
parts of airplane engines. However, it 
should be emphasized that further me- 
chanical experimentation should be ac- 
companied by more complete chemical 
analysis of the lubricant, for only then 
will it be possible to determine those 
compounds which have desirable pres- 
sure characteristics and, subsequently, 
make a lubricant suitable for the specified 
operating conditions in a machine. 

A recent step in this direction is the use 
of the “aniline point’’ in predicting the 
pressure coefficient of viscosity of hydro- 
carbon oils. The writer has found that a 
good correlation exists between the pres- 
sure coefficient at 100 F and the aniline 
point in deg C, such that for the 24 oils 
examined the results can be represented 
by a second-degree curve. It is hoped that 
these results will soon be available, to- 
gether with further pressure data on the 
viscosity of Burma lubricating oils, for 
publication in scientific journals. 


ComMMENT By Paut G. Ex.ine” 


The authors give several examples 
where a knowledge of the high-pressure 
viscosity of lubricants permits a more 
complete understanding of what occurs in 
the oil film in a bearing and a gear-tooth 
contact. The same knowledge is also 
necessary in understanding wire drawing 
and rolling metals where lubricants are 
necessary. The data reported by the 
authors are not wholly sufficient since the 
examples cited also involve high rates of 
shear, while the data, probably without 
exception, were obtained at quite low 
rates of shear. 

When computing viscous flow from a 
high-pressure source, it must be recog- 
nized that the pressure gradient is not 
constant throughout the length of the 
conduit, and that it is necessary to re- 


place the pressure term in the otherwise 
—bp 
7 





suitable equation by the term 


A: extremely high pressures the expo- 
nential becomes negligibly small and the 
term becomes a constant equal in value to 
the reciprocal of the pressure coefficient of 
viscosity. Such pressures are beyond the 
present range of hydraulic engineering, 
but it is interesting to note that the flow 
can become independent of the pressure. 
At 10,000 psi the flow will drop to 50 
per cent of its value if the viscosity were 
uninfluenced by pressure, and even with a 
driving force of 1000 psi a reduction of 7 
per cent is of significance. 

Because of its ease of application in en- 


20 Section Engineer, Gulf Research & De- 
velopment Company, Pittsburgh, Pa. Mem. 
A.S.M.E. 
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gineering calculations, the writer prefers 
the use of reciprocal pounds per square 
inch for the pressure coefficient instead of 
per cent per 100 atm although the latter 
can be converted through application of 
the factor 6.8 X 107°. 


Comment By E. K. Garcomse®! 


Is there not a great need for more in- 
formation concerning the effects of tem- 
perature on the viscosity and thus on 
the load-carrying capacity of lubricating 
films? A great many papers have been 
published showing the pressure effects on 
the load-carrying capacity of these films, 
but few have been printed in which the 
combined effects of temperature and pres 
sure have been indicated. Such informa 
tion might be obtained experimentally or 
theoretically or by a combination of 
these two methods of approach 

Isn't there also the need for the flow of 
more of this already known information 
concerning lubrication problems into the 
textbooks, so that students may be more 
properly equipped to cope with problems 
in the field of lubrication? 

The authors state thar 
Everett traced out ‘‘the private life of 
the oil particle,’’ as it passed through the 
film. This sounds like an intriguing 
problem. More information concerning 
“the private life of the oil particle’ may 
be obtained through the use of the 
Lagrangian equations of motion 


) 
I rotessor 


Comment By E. M. Kipp”? 


To those of us who are particularly in- 
terested in the evolution of metal 
processing lubrication from an art to a 
science, the correlation between the pres 
sure coefficient of an oil and the resulr- 
ant frictional characteristics in heavily 
loaded ‘bearings is of particular interest 
The authors show, on the basis of Needs 
and Gatcombe's data, Figs. 1 and 2 of 
their paper, that a petroleum oil possess- 
ing twice the pressure-cuefficient value of 
a fatty oil (both oils possessing identical 
viscosities at atmospheric pressure) will 
provide a theoretical film thickness al 
most twice that of the fatty oil for the 
particular Z,N/P value employed. This 
in turn, the authors point out, explains 
the greater frictional losses with the pe 
troleum oil relative to the fatty oil ob- 
served in the journal-bearing tests cited 
by the authors. 

The foregoing contains several poten- 


21 Assistant to the Chief Engineer, Machine 
Design Division, Jackson and Moreland, Engi- 
neers, Boston, Mass. Jun. Mem. A.S.M.E. 

22 A1uminum Research Laboratories, Alumi- 
num Company of America, New Kensington, 
Pa. 
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tially important implications in the field 
of applied metal-fabrication lubrication 
problems, particularly under conditions of 
essentially semi- and nonfluid friction. 
Speculation regarding the potential prac- 
tical utilization of pressure coefficients 
must first be centered around the circum- 
stances under which, if at all, the pres- 
sure coefficients become secondary to the 
initial viscosity values at room tempera 


tures and atmospheric pressures 


The reported relationships between 
pressure-coethicient values and the corres- 
i thicknesses of the oil films in 


ponding 
heavily loaded bearings suggest several 
questions relative to practical applica- 
For example, in the case of the 
journal bearing cited by the 
it was pointed out that the fatty-oil film 
was thinner than that of the correspond- 


tions 
authors, 


ing petroleum oil because of the lower 
pressure-coefficient value of the fatty oil 
Would it therefore follow that, as a 
gradual and equal decrease in the initial 
viscosity values at atmospheric pressure 
is made for each oil, failure would first 
occur with the fatry oil? This assump 
tion might be justified on the basis of the 
originally thinner oil film for the fatty 
oil. Also, can the greater film thickness 
of the petroleum oil be reduced by the 
use of a petroleum oil possessing a similar 
pressure-coefficient value but of initially 
lower viscosity value than the fatty oil at 
atmospheric pressure? If so, to what ex- 
tent could the initial viscosity of the 
petroleum oil at atmospheric pressure be 
lowered in order to produce the same oil- 
film-thickness frictional-resistance 
characteristics of the fatty oil? (The 
assumption is made here that other non- 
viscosity lubricating characteristics of 
the fatty oil will be secondary to the vis- 


and 


cosity effects. 

Additional potential practical implica- 
tions of the pressure coefficient under con- 
ditions of near nonfluid friction in metal- 
fabrication operations suggest them- 
selves. Let us assume that we are at- 
tempting to lubricate a drawing die with 
a straight mineral oil; also, that the vis- 
cosity characteristics of this oil at room 
temperature and atmospheric pressure and 
the pressure coefficient are such that the 
oil is just not quite able to maintain 
the required oil film between the metal 
and the die surfaces with resultant mild 
tearing of the surfaces. Carefully con- 
trolled tests in the field show that the 
lubricant deficiencies of such an oil can 
sometimes be compensated by increasing 
the viscosity of the oil at room tempera- 
tures and atmospheric pressures. This in- 
Crease in some instances need not be a 
large one. The effectiveness of this in- 
crease in viscosity is presumed to be due 
to resultant increase in the oil-film 


thickness H, due to the increase in the 
ZN/P term resulting from the higher 
value for Z. The pressure-coefficient 
effect, however, considered independ- 
ently of other variables, would suggest 
that the addition of a fatty oil to the 
hypothetical oil in question would re- 
duce the net pressure coefficient of the 
compounded petroleum oil and hence 
the thickness of the oil film. This effect 
in turn, would be precisely in the wrong 
direction 

In practice, however, it has been well 
established that the addition of a fatty oil 
will accomplish the same effect as that 
obtained by increasing the viscosity 
characteristics of the hypothetical oil at 
room temperature and atmospheric pres- 
sure. This would seem to suggest an ap- 
parent paradox in that in the one in- 
stapce better lubrication is obtained by 
increasing the oil-film thickness (higher 
initial viscosity), whereas in the other 
case, better lubrication is likewise ob- 
tained by decreasing the oil-film thick- 
ness (fatry-oil addition). A possible ex- 
planation of this apparent anomaly may 
lie in the fact that the practical utiliza- 
tion of pressure-coefficient values may 
depend upon whether the minimum point 
in the ZN/P diagram is to be ap- 
proached from the left or from the right. 
Likewise, fatty oils may possess lubricat- 
ing characteristics based upon factors 
other than that of viscosity which may 
more than compensate for film-thickness 
effects resulting from purely physical vis- 
cosity properties. 

On the basis of the foregoing, returning 
again to the hypothetical sample pre- 
viously cited, could the torn metal sur- 
faces have been avoided by the use of an 
oil of higher or of lower pressure coefhi- 
cient value than that of the hypothetical 
oil used for purposes of illustration? On 
the basis of the journal test cited by Her- 
sey and Hopkins, an argument in favor of 
an oil with a higher pressure-coefficient 
value could be based upon the presuma- 
bly thicker resultant oil film to be ob- 
tained with such an oil. On the other 
hand, the substitution of an oil of lower 
pressure coefficient would possibly have 
resulted in initially lower frictional re- 
sistance and therefore lower bearing 
temperatures and adequate oil-film thick- 
ness. 

The pressure-coefficient variable may 
serve to clarify a good deal of the specula- 
tion and confusion now existing in the 
field of lubrication with long-chain polar 
compounds. There are data in the litera- 
ture showing surprising correlation, for 
example, between chain length of certain 
polar molecules and their efficiencies as 
lubricant additives. Perhaps this corre- 
lation is only a fortuitous one, the effect 
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being rather one associated with paral- 
lel and more fundamental pressure-coeffi- 
cient effects. Other factors being equal, 
the lowering of the pressure coefficient of 
an oil which could be presumed to result 
(on the basis of published data) from the 
addition of a fatty oil to a petroleum oil 
would satisfactorily explain, on the basis 
of the journal tests cited by Hersey and 
Hopkins, the resultant lower frictional 
values usually observed when fatty oils 
are added to petroleum oils. It would be 
interesting in this connection to deter- 
mine the relative pressure coefficients of a 
family of normal alkyl acids or esters 
of varying chain lengths (molecular 
weights) and to determine whether there 
is any correlation between their observed 
pressure coefficients and their character- 
istics as lubricant additives. It would 
also be valuable to determine the quanti- 
tative effect of fatty-oil additions in 
various concentrations upon the pressure 
coefficients of petroleum oil. 

In addition to the foregoing, there is 
important need for more complete data 
regarding the effects of rates of shear and 
shear stresses upon viscosity values under 
a broad range of pressures. It would be 
highly desirable if some method for de- 
termining viscosity - pressure characteris- 
tics under rates of shear approaching 
those frequently encountered in metal- 
fabrication operations could be devel- 
oped. 

The data cited by Hersey and Hopkins 
relative to the low pressure coefficients 
characterizing fatty oils as compared to 
petroleum oils perhaps should be re- 
checked over larger ranges of temperature 
than heretofore. Suge?’ reports, for ex- 
ample, that whereas mineral oils are af- 
fected by pressure increase more than 
fatty-oils at moderate temperatures, they 
appear to be affected to the same degree 
at high temperatures. 


ComMMENT BY R. V. KiernscHmiptT”4 


This paper is especially timely not so 
much for the data which have been col- 
lected, as in showing how much remains 
to be done along the same lines. Work 
on this subject so far has been largely 
concerned with finding out the general 
type of phenomena to be expected, and 
with the development of methods of meas- 
urement. It now becomes clear that the 
pressure coefficient of viscosity over a 
very wide range of temperatures and pres- 


23 ‘Physical Properties of Lubricants,’’ by 
Y. Suge, General Discussion on Lubrication 
and Lubricants, Proceedings, The Institution 
of Mechanical Engineers, Oct. 13-15, 1937, 
group 4, London, England, 1938, pp. 184-189. 

*4 Commodore, U.S.N.R. (inactive); Stone- 
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sures is of extreme importance to us as 
engineers. The problem has ceased to be 
one of scientific curiosity and has become 
one of vital engineering significance. 

There can be no doubt that the more 
progressive oil companies will undertake 
certain work along these lines, especially 
with reference to their own particular 
types of oils, but it is equally important 
that the rest of us, as users of lubricants 
should have impartial and extensive de- 
sign data. The writer considers it to be 
very much the function of this Society to 
sponsor this type of research, especially 
at just this stage. We did it with bril- 
liant success in the case of the properties 
of steam, and will, it is hoped, continue it 
with other basic engineering materials. 
Lubricants represent an especially im- 
portant class of materials, whose proper- 
ties are as complex as are their uses. 

It cannot be too strongly urged upon 
this Society that the need for a well co- 
ordinated and extensive program of re- 
search on the viscous properties of a wide 
range of lubricants is very great. 

One of the most difficult problems in 
dealing with complex mixtures such as 
lubricating oils is to have a clear defini- 
tion of the exact material upon which 
any particular measurement is made. It 
is not enough to refer to an oil by trade 
name and grade, nor by the usual char- 
acteristics of viscosity, density, index of 
refraction, iodine number, and what not. 
To make measurements of any real signifi- 
cance, a complete chemical description 
of the components must be given. For 
this reason it seems best to start this 
work on pure compounds and mixtures 
of known composition, which are 
major components of lubricating oils. 
Such components are now obtainable. 


ComMEntT By C. M. Larson™® 


In reality, viscosity today is in a two- 
dimensional state, i.e., rate of flow and 
temperature. The third dimension, that 
of pressure, is yet to be one of common 
usage. The viscosity of lubricating oils 
under pressure probably represents the 
most fruitful investigation to be carried 
out. 

In recent work (1938) supervised by 
Dr. Thomas C. Poulter at the Armour In- 
stitute, a series of six oils, two of zero 
V.I. viscosity index), two of 70 V.I. and 
two of 100 V.I. were checked for visco- 
city-pressure curves at 100 F at pressures 
from 50,000 to 160,000 psi. Dr. Poulter’s 
apparatus consists of a cylinder having a 
capillary at the center and a piston at 
each end. A manganin-wire coil at 





** Chief Consulting Engineer, Sinclair Re- 
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each end of the capillary tube was used 
to record pressure differences. A suita- 
ble bath is used to control the tempera- 
tures. 

With the high-inlet-pressure capillary- 
tube method of Hersey and Snyder,” the 
viscosity cannot be assumed constant 
throughout the tube as the pressure drop 
is from one high at inlet of tube to at- 
mospheric on discharge. The interpreta- 
tion of Dr. Poulter’s data is not as simple 
as it sounds, for one must take into ac- 
count the rather large change in volume 
and the large heating effects as the oil 
passes through the capillary. For a 
capillary 0.20 in. diam and /; in. length, 
the difference in pressure at the two ends 
of the capillary may be more than 50,000 
psi. The shape of the entrance to the 
capillary is of considerable importance in 
making a correct analysis of the data 

Whereas the ball-and-tube and other 
viscosimeters cover the viscosity-pressure 
field from zero to 50,000 psi, the capillary 
constriction in a cylinder with pistons at 
each end covers the field from 50,000 to 
200,000 psi. The calibration of pressure 
viscosimeters is not as simple, however, as 
with the A.S.T.M. method for kinematic 
viscosity. For this calibration there is no 
oil standard. Water cannot be used. Ice 
is obtained with a melting point of 212 F 
when the pressure is very high. Even 
lubricating oil under extreme pressures 
becomes sufficiently hard, according to 
Dr. Poulter, to shear off an 18-gage cop- 
per wire. 

The viscosity-pressure-temperature re- 
sults of Dr. Dow” and Dr. Poulter when 
plotted on A.S.T.M. viscosity-tempera- 
ture charts are very enlightening. The 
Pennsylvania oil of 460-sec S.U.V. at 
100 F, when under 12,000 psi pressure, 
showed the viscosity and V.I. equivalent 
to a Pennsylvania aircraft oil of 6600 sec 
at 100 F, and 120 sec at 210 F. The zero 
V.I. §80-sec $.U.V. oil at 100 F, when 
subjected to 4000 psi, was higher in vis- 
cosity at 100 F and 210 F than the 100 
V.I. oil under 6000 psi; and at 6000 psi 
the zero V.I. oil was higher in viscosity 
than the 100 V_I. oil at 12,000 psi. In Dr. 
Poulter’s work he found that under 
100,000 psi, a 100-sec S.U.V. at 100 F 
(atmospheric pressure) Gulf Coast neu- 
tral was equal in viscosity to a Pennsyl- 
vania Bright Stock of 2200 sec at 100 F, 
and 150 sec at 210 F, but the extreme-pres- 
sure viscosity of each was better than 
180,000-sec S.U.V. at 100 F and 1800 sec 
at 210 F. 

When a plane is in a power dive and 
bearing pressures of 8000 psi or more are 
encountered, viscosity-pressure build-up 





*6 Refer to authors’ Bibliography (20). 
7 Thid. (31). 


MECHANICAL ENGINEERING 


of 25 per cent or higher is possible in the 
oil film. With hypoid-gear-tooth pres- 
sures of 100,000 psi, the viscosity-pres- 
sure build-up can be easily in the order of 
10 times the original atmospheric visco- 
sity at the temperature of operation. 
Many substances that are plastic and are 
considered lubricants at atmospheric 
pressures become abrasives, harder than 
steel. Roller bearings build up pressures 
higher than 100,000 psi ahead of the 
rollers. 

At 100,000 psi the 100-sec at 100 F Gulf 
Coast oil loses 15 per cent of its volume, 
the 145-sec at 100 F Pennsy!vania oil loses 
17 per cent, whereas the Gulf Coast Oil of 
2200 sec at 100 F loses 14 per cent, and the 
2200-sec at 100 F Pennsylvania oil has a 
loss of 19 per cent in volume. The Gulf 
Coast oils are harder to compress, yet 
show a greater viscosity-pressure in- 
crease than do the Pennsylvania oils ac- 
cording to Dr. Poulter’s findings. 

The writer is indebted to Prof. H. A 
Everett of The Pennsylvania State Col- 
lege and to Dr. Thomas C. Poulter of the 
Armour Research Foundation for the in- 
formation given herein. 


Comment By A. M. G. Moovy* 


This paper has particular value for in- 
vestigators of gear performance. The 
practical use of Gatcombe’s method,” 
which has gone a long way toward ex- 
plaining certain apparent anomalies of 
gear performance, requires a knowledge 
of the properties of lubricants under high 
pressure. In the past this information 
has had to be tracked down in the litera- 
ture. Little of it was in usable form, and 
except for a small amount of data in the 
hands of the oil companies, the only 
worth-while source was the Hersey and 
Shore paper of 1928.” 

The present paper has not only elimi- 
nated the necessity for an extensive 
search, but has put a good deal of hith- 
erto useless information into usable form. 
Above all, however, it points the direc- 
tion for further investigations, which are 
necessary if the present reliance on dubi- 
ous extrapolation and interpolation is to 
be eliminated. It is a most important and 
valuable contribution. 


Comment By J. R. Muencer®! 


The useful action of a lubricant must be 
explained in terms of its properties under 
the conditions which exist in the load- 

% Chief Blower Engineer, Elliott Company, 
Jeannette, Pa. Mem. A.S.M.E. 

*9 Refer to authors’ Bibliography (48). 

Ibid. (14). 

§1 Mechanical Engineer, The Texas Com- 
pany, Beacon, N. Y. Jun. Mem. A.S.M.E. 
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carrying film. In many cases of heavily 
loaded plain bearings, rolling-contact 
bearings, gears, and in metal cutting and 
forming, high film pressures are an im- 
portant influencing factor on lubricant 
behavior. The authors are to be com- 
mended therefore for co-ordinating and 
summarizing the available data. Reports 
of further researches and applications of 
existing data to practical problems will 
be awaited with interest. 

A point of particular interest to the 
writer is the effect of the duration of pres- 
sure application upon the viscosity or 
plasticity of the lubricant. There are 
strong indications** that this factor is im- 
portant for lubricants solidified by pres- 
sure. It may have some influence in 
other cases as well. Since load cycles for 
an average element of a lubricating film, 
in most practical cases, are of extremely 
short duration as compared to the time of 
pressure application in present high- 
pressure viscosimeters, one advantage to 
be expected from co-ordinating closely 
further viscosimeter research with func- 
tional testing would be additional infor- 
mation on the time aspect of the problem. 
Such a co-ordination in effort will be- 
come more and more desirable as the 
experimental pressure range is extended 


CoMMENT BY Morris Musxart** 


During the war, conditions of extreme 
pressures and temperatures became in- 
creasingly frequent, and the problems of 
lubrication associated with these condi- 
tions have been of great importance. 
While the “‘trouble-shooting’’ solutions 
of these problems did take care of the war 
needs, it is highly desirable that a more 
fundamental type of approach be de- 
veloped, now that the urgency of war re- 
quirements is relieved. The co-ordina- 
tion of the data on the effect of pressure 
on lubricant viscosity by the authors will 
provide the necessary starting point for 
further investigation of this particular 
phase of the subject of lubrication. 

However, while it has in no sense been 
“cleaned up,"’ it appears that at least the 
qualitative and order-of-magnitude fea- 
tures of the phenomena are quite well es- 
tablished. Accordingly, it is suggested 
that more emphasis may well be placed in 
the future on the related but apparently 
much less thoroughly studied phenomena 
of the effect of rate of shear on the vis- 
cosity. In fact, conditions of high rates 
of shear are often to be associated with 
those in which the pressures are suffi- 
ciently high to affect the lubricant vis- 


** Refer to authors’ Bibliography (45). 
** Gulf Research & Development Company, 
Pittsburgh, Pa. 


cosity. With increasing use of high- 
polymer additives to lubricants, and the 
development of synthetic oils, the effect 
of rate of shear may become of even 
greater importance than that of pressure. 
In any case, since these two factors will 
generally have compensating effects, the 
complete solution of lubrication prob- 
lems will require a full study of the role 
played by both pressure and rate of shear, 
independently and in combination. 


ComMENT By B. L. Newxirx*4 


Over a long period, the A.S.M.E. 
Special Research Committee on Lubrica- 
tion has instigated and encouraged work 
in the field covered by this paper. In 
laboratories both here and abroad, various 
experimental techniques have been used. 
Results are not readily comparable, and 
some are discordant. The desirability 
of a critical review and co-ordination 
of the data to make results of these 
studies available was evident. Mr. Her- 
sey was the first investigator to publish 
work on this subject, and he has followed 
it actively ever since. He is in other re- 
spects uniquely qualified to make this 
review and co-ordination. The full re- 
port in six sections will soon be finished, 
and it is hoped that it may be made 
available to the public. Our thanks are 
due to the Engineering Foundation for 
funds in support of this work. 

Most of the work is limited to maxi- 
mum pressures of 4000 atm, though some 
was carried to 10,000 atm. Pressures be- 
tween gear-tooth surfaces and in pivot 
bearings, and presumably at the high 
spots, where ‘‘boundary’’ lubrication 
occurs, exceed the 4000-atm limit, and in- 
formation on viscosity and solidification 
characteristics up to 10,000 atm is highly 
desirable. It is desirable also that a tech- 
nique be developed or selected, in the 
light of the various methods now before 
us, and that a uniform comprehensive 
series of tests be made of representative 
lubricants, including pure hydrocarbons, 
oils with additives, and the newer syn- 
thetics. 

Rate of shear has not been taken into 
account in the high-pressure studies. The 
tests have all been made at low rates of 
shear, and the rate of shear has varied 
from point to point in the film tested. 
Even so, the heat developed in shearing 
the very viscous fluids has been a disturb- 
ing factor. Since the rate of shear under 
conditions of boundary lubrication may 
be high, because the fluid films are thin, 
information on the variation or lack of 
variation of viscosity with rate of shear 
at high rates of shear is desirable. This 
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is very difficult to get. A major difficulty 
lies in the heat developed and consequent 
change in the viscosity of the fluid during 
atest. The temperature of the lubricant 
may rise at the rate of several hundred de- 
grees per second unless the heat is re- 
moved by conduction, when the rate of 
shear is 1,000,000 reciprocal sec. When 
the difficulties of work at high pres- 
sure are added to those due to high 
rates of shear, the problem is really 
challenging. 

Methods and apparatus for study of 
viscosity of fluids under ‘:igh pressure and 
at high rates of shear have been dis- 
cussed informally by members of the 
committee. One suggestion is that a 
bomb, say 2 ft long, having a bore 1 to 2 
in., contain the lubricant and a movable 
cylindrical plug. The plug would have 
a concentric cylindrical hole through 
which the lubricant would flow up as the 
plug moved down. Over most of the out- 
side surface of the plug the clearance be- 
tween the plug and the bore of the bomb 
would be large, say, 0.05-0.10in. On the 
outside surface of the plug would be two 
or more narrow rings, say, 0.1 in. in the 
axial direction, accurately ground to a 
diameter that would give a small radial 
clearance. 

With the plug at the top of its travel, 
the bomb would be dropped a distance of, 
say, 10 ft, and brought to rest with very 
rapid deceleration. The inertia of the 
plug would cause it to move relative to 
the bomb. The relative velocity of the 
plug would decrease, according to an ex- 
ponential law, at a rate depending upon 
the first power of the viscosity. Progress 
of the plug would be recorded by means 
of an oscillograph. The duration of the 
event would be of the order of 0.01 sec. 
The viscosity would be calculated from 
the rate of decay of the relative velocity 
of the plug. The apparatus would be 
calibrated at low pressure with lubricants 
of known viscosity. 


This plan involves difficulties and 
would be rather costly. However, the 
theory seems to be sound and there seems 
to be no difficulty beyond the power of 
modern methods and scientific apparatus 
now available. The flow is laminar at 
all points with impact velocities of 25 
fps for the high viscosities at which cal- 
culations have been made. The small 
axial dimension of the rings over which 
the shear at high rate occurs, miti- 
gates the difficulty due to increase in 
temperature. 


The committee is not inclined to de- 
velop the plan just outlined at the present 
time, but it expects shortly to propose a 
comprehensive project for checking and 
extending our present knowledge of vis- 
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cosity of lubricants at high pressures at 
low rates of shear. 


ComMMENT BY E. O. Warers® 


The literature of lubrication has be- 
come so voluminous that reviews, sum- 
maries, and classified bibliographies are 
essential for the engineer who has to 
keep reasonably well informed of prog- 
ress in this field. The present paper fills 
a distinct need in this respect, in so far as 
the pressure-viscosity relation of lubri- 
cants is concerned. In fact, it goes much 
further than this, in giving a correlation 
of test data which is surprisingly simple 
in view of the large amount of original 
material that was considered in prepara- 
tion of the report. 

It would be interesting to know 
whether the authors, in their study of 
these forty-odd independent researches, 
uncovered any noteworthy discrepancies 
or inconsistencies. If so, the writer 
would suggest that, in continuing the 
project, they exercise their critical facul- 
ties in the direction of finding out (4) 
which experimental techniques are pos- 
sibly at fault with respect to control of 
all the variables, (4) what possible varia- 
bles, other than pressure and tempera- 
ture, may affect the viscosity of a given 
test specimen. If not, then it would ap- 
pear that our knowledge of the viscosity 
of lubricants under high pressure is ad- 
vancing in an eminently satisfactory 
manner, and our chief concern should be 
to extend its boundaries. The underlying 
question, as to why one group of oils 
should have pressure coefficients that 
differ markedly from those of another 
group, is doubtless outside the field of 
fluid mechanics, but an answer to it 
would be of great value to mechanical 
engineers. 

The word “‘oiliness’’ appears only once 
in the whole paper, if the present writer 
is not mistaken. Nevertheless, it lurks 
in the background, and almost bursts 
into view at several points in the section 
on friction and film thickness. The 
authors are evidently in favor of pushing 
the region of hydrodynamic lubrication 
further and further to the left on the 
friction versus Z,;N/P diagram, at the ex- 
pense of the narrow strip of boundary 
lubrication. This is excellent, if scientifi- 
cally justifiable, since it replaces a set of 
hit-or-miss phenomena with some rather 
orderly ones. However, the writer be- 
lieves that it needs confirmation by fur- 
ther experiment. This would have the 
added advantage of helping to locate 
more accurately the point at which the 
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bulk properties of the oil are superseded 
in importance by molecular and surface 
effects. 


CoMMENT BY STEWART Way *® 


The writer has, in past years, carried on 
investigations on the surface fatigue of 
gear teeth, and was therefore interested 
in the authors’ remarks on gear lubrica- 
tion 

The authors’ curve, Fig. 2, as well as 
Gatcombe’s® numerical examples, indi- 
cate oil-film thicknesses in the range 1 to 
20 microinches for spur gears of 12 D.P 
and 2 in. diam. The mean depth of the 
surface irregularities on ground gears is 
usually more than 20 microinches and 
more often closer to 50. Since the mean 
width of the channel between the mating 
teeth will be twice the mean depth of the 
irregularities, it appears that metal-to- 
metal contact would take place before the 
oil film would become so thin as to be 
able to sustain the total transmitted load. 
This is borne out by the fact that gear 
teeth do actually wear, more rapidly at 
first and more gradually later on as the 
surfaces become smooth. 

Assuming that the transmitted load 
between a pair of gear teeth is borne in 
part by the oil and in part by direct 
metallic pressure, an increase in the pres- 
sure coefficient of viscosity would seem to 
be desirable, since the portion of the load 
carried by the oil would be increased. 
Gatcombe’s formulas for F, and pmax 
show what we might expect for the com- 
plete oil film. An increase in the fraction 
of the load carried by the oil would re- 
lieve the metal-to-metal pressure inten- 
sity and enable higher loads to be carried 
without surface fatigue. A higher vis- 
cosity at operating conditions and 
smoother finishes may thus be expected 
to enable higher loads to be transmitted 
without surface fatigue, and this is in- 
deed found to be the case.* 

Further work of a theoretical as well as 
an experimental nature on the lubrication 
of gear teeth seems in order. Such studies 
would also be quite relevant to the lubri- 
cation problem encountered in roller 
bearings. In these future investigations 
it would be most desirable if the elastic 
deformation of the surfaces could be con- 
sidered. As to the pressure-viscosity 
data, curves such as the authors’ Fig. 3 
are most valuable; the value of 5; alone 
is inadequate, since the pressures encoun- 
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Fig. 8. 
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tered will be often in the zone $000 to 
10,000 atm. In fact, the viscosity versus 
pressure curves should be determined if 
possible up to the point where solidifica- 
tion or freezing sets in. Data such as 
Kleinschmidt’s® is thus especially valua- 
ble. 

The author's paper is certainly an ad- 
mirable survey of the existing data, and 
it is hoped it may stand as a signpost in 
dicating the unexplored regions where 
new information should be secured 


CoMMENT BY WayNE WEBB‘ 


The study appears to be a very excellent 
correlation and bibliography of material 
to be found in the American journals 
However, there is much material in tech 
nical reports on work done during the 
war not included. For example, the Pe 
troleum Research Laboratory of The 
Pennsylvania State College has done con 
siderable work on rates of shear. No 
doubt many other laboratories have also 
done much work not published in the 
established journals. May we hope that 
such data will be incorporated into a re- 
port similar to the present paper in the 
near future? 


Comment By D. F. Witcock?#! 


In the writer's opinion, the most valua 
ble information to be obtained from 
work of the nature of this paper is the 
correlation between physical propertics 
and chemical constitution. There are 
two principal aspects to such a correla 
tion, the mathematical relationships 
among the physical properties and the 
choice of test materials covering a suita 
ble range of chemical composition. 

It is well known that for almost all 
liquids, both the viscosity and the den 
sity decrease with rising temperature, 
while the viscosity and density both in 
crease with rising pressure. This has 
suggested to Bingham*? and others that 
viscosity may be a function primarily ot 
the density, and that as temperature and 
pressure affect the density so do thei 
correspondingly affec: the viscosity. It 
would be helpful if in future work th 
density, as well as the viscosity, tem 
perature, and pressure, was determined 
The suggested relationship may be ex 
pressed more concretely by Equations 
[4] and [5] of this comment, where D is 
the density and F and gare 


*® Refer to authors’ Bibliography (15 
Department of Physics, The Pennsy! 
vania State College, State College, Pa. 

‘! Apparatus Department, General Electr: 
Company, River Works, West Lynn, Mass 

*2 “Viscosity and Plasticity,"’ by E. ¢ 
Bingham, McGraw-Hill Book Co., New York 
N. Y., 1922, pp. 141-145. 
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unknown functions. The derivative rela- 
tions are more definite 
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and combining Equations [6] and [7] 
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Equation [8] indicates a relationship 
between the rate of change of viscosity 
with temperature and the rate of change 
of viscosity with pressure, which, if 
found to be true, would enable diff- 
cult viscosity measurements under pres- 
sure to be replaced in part by measure- 
ments of density under pressure. While 
Dow '* and Bridgman‘! have not found 
that Equation [1] fits the data satisfac- 
torily, it may be that the derivative re- 
lation [5] can be useful as a first ap- 
proximation in attempted correlations. 
Fatty oils and mineral oils have been 
studied so far. A much wider variety in 
chemical composition would be desira- 
ble. During recent tears a number of 
synthetic polymer fluids have been de- 
veloped which cover a wide range of 
chemical composition and structure. It 
is suggested that the most fruitful returns 
from future work may be obtained by a 
study of the pressure-viscosity character- 
istics of these new polymers and com- 
parison and correlation of these results 
with those on fatty and mineral oils. 


Autuors’ CLosurRE 


The comments herein reported are of 
exceptional] interest because of the wide 
range of scientific and engineering ex- 
perience represented. The trend of all the 
comment is encouraging and construc- 
tive, making it of value for future refer- 
ence. Occasionally some question raised 
by one discusser is sufficiently answered 
by another. 

Mr. Beall indicates that oil films be- 
tween gear teeth can be too thick as well 
as too thin, thus overloading the pinion 
bearing. Such facts call for a more ac- 
curate knowledge of lubricant properties. 


“The Viscosity of Mixtures of Liquids at 
High Pressures,"” by R. B. Dow, Physics, vol. 6, 
1935, p. 270. A note on viscosity as a function 
of volume and temperature. 

** The Physics of High Pressure,"’ by P. W. 
Bridgman, The Macmillan Co., New York, 
N.Y., 1931, p. 352. 


Gear lubrication is further discussed by 
Mr. Moody and Dr. Way. Professor 
Black describes an application of high- 
pressure data to journal bearings by 
M. A. Oksal. It is hoped this can soon 
be prepared for publication. Dr. Bondi 
suggests future investigations in which 
the oil chemist can co-operate. In reply 
to his invitation may we ask for lubri- 
cants more closely following the straight- 
line logarithmic law? Alternatively ,could 
the theory be tailored to fit the convexity 
usually found? 

Dr. Broeze dropped in casually from 
Delft. He left the notes on the fore- 
going studies by Dr. Nederbragt. When 
these calculations can be published in full 
and compared with the adiabatic solution 
by Dr. Oksal, we shall be better equipped 
to deal with the questions raised by Dr. 
Kipp. Dr. Dow's comments are appre- 
ciated because of his many contributions 
in the high-pressure field. He recom- 
mends extending the temperature range 
downward to minus 60 F. We look for- 
ward to his results on the Burma oils and 
on correlation methods. Mr. Exline ad- 
vocates investigation at high rates of 
shear and casts a vote for English units. 
Such units will be required in later re- 
ports as the viewpoint changes from re- 
search to application. 

We concur in Dr. Gatcombe’s sugges- 
tions, and note with pleasure the in- 
creasing use of his  gear-lubrication 
theory, as mentioned by M. G. Moody 
and in correspondence from other manu- 
facturers. Dr. Kipp states a series of 
paradoxes that in one form or another 
have puzzled investigators from the be- 
ginning. Only isothermal conditions are 
pictured in Figs. 1 and 2. The complete 
explanation depends upon temperature 
effects and can hardly be reached without 
more elaborate calculations and experi- 
ments. 

Dr. Kleinschmidt’s recommendations 
carry the weight of long experience dat- 
ing back to his own work at extremely 
high pressures in the investigation A» of 
Table 1. He recognizes in the steam- 
table analogy not only a broad similarity 
between complex properties of several 
variables, but the signal for a new co- 
operative endeavor of considerable scope. 
Replying to Mr. Larson, it may be noted 
that the metal capillary used in the work 
with G. H. S. Snyder (20) was made 
nearly seven feet long to reduce heat 
effects. The readings are interpreted by 
definite formulas like those of Exline 
herein given. The temperature rise must 
have been terrific in the half-inch capil- 

* ‘Heat Effects in Capillary Flow at High 
Rates of Shear,"” by M. D. Hersey and J. C. 
Zimmer, Journal of Applied Physics, vol. 8, 
1937, pp. 359-363. 
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lary of Dr. Poulter. Our knowledge of 
viscosity is aptly described by Mr. Larson 
as being still in ‘‘a two-dimensional state’ 
with the third dimension, pressure, not 
yet one of common usage. Rate of shear 
is a fourth dimension, to which Mr. 
Muenger adds a fifth, the time element. 
The fifth dimension seems to be important 
for non-Newtonian materials both as re- 
gards the duration of pressure and that 
of motion. We concur in the views ex- 
pressed by Dr. Muskat. 

Professor Newkirk as chairman of the 
Special Research Committee on Lubrica- 
tion refers to the ‘‘full report’’ approach- 
ing completion and to the plans for re- 
suming experimental work. His sugges- 
tion for measurements at high rates of 
shear is an attractive one since the heat 
effects are confined to an exceedingly 
short interval of time. Replying to Pro- 
fessor Waters, the authors agree that an 
instructive study of the accuracy of the 
data could be made. There appear to be 
discrepancies between the observations 
on castor oil by several investigators, 
leading to a suspicion of non-Newtonian 
behavior. 

Dr. Way's comments on the lubrication 
of gear teeth and roller bearings are of 
great interest, including his recommenda- 
tion for more work like that of Klein- 
schmidt in the region from 5000 to 
10,000 atmospheres. The longer report in 
preparation contains tabulated values of 
the relative viscosity logarithms over the 
entire pressure range. These values may 
be used for reconstructing curves like 
those in.Figs. 3 and 4. 

Professor Webb refers to unpublished 
data. It is hoped that all such data 
may be released in due course and in- 
cluded in correlation charts similar to 
Fig. 6 

Dr. Wilcock offers suggestions for 
future work including extension of the 
tests on lubricants to a wider variety of 
chemical composition. He recalls the 
hypothesis that viscosity may be closely 
associated with density, leading to Equa- 
tion [8]. This hypothesis and other 
correlations will be reviewed in the full 
report, including the recent study by 
Cameron. * 

The entire contributed discussion will 
repay leisurely reading since many good 
points have been passed over without 
reply. It will be of special value to the 
authors in continuing their study of the 
data, and to the Committee in planning 
future research. 


46 ‘‘Determination of the Pressure-Viscosity 
Coefficient and Molecular Weight of Lubri- 
cating Oils by Means of the Temperature- 
Viscosity Equations of Vogel and Eyring,” by 
A. Cameron, Journal of the Institute of Petro- 
leum, vol. 31, 1945, pp. 401-414. 























Interpretations 


HE Boiler Code Committee meets 

monthly for the purpose of consider- 
ing communications relative to the Boiler 
Code. Anyone desiring information on 
the application of the Code may com- 
municate with the Committee Secretary, 
29 West 39th St., New York 18, N. Y. 

The procedure of the Committee in 
handling the cases is as follows: All in- 
quiries must be in written form before 
they are accepted for consideration 
Copies are then sent by the Secretary of 
the Committee to all members of the 
Committee. The interpretation, in 
the form of a reply, is then prepared 
by the Committee and is passed upon at 
a regular meeting. 

This interpretation is later submitted 
to the Council of The American Society 
of Mechanical Engineers for approval 
after which it is issued to the inquirer and 
published in Mecnanicat ENGINEERING 

Following is a record of the interpreta- 
tions of this Committee formulated at the 
meeting of March 29, 1946, and approved 
by the Council on May 1, 1946. 


Case No. 879 (Reopenep)> 
(Special Ruling) 


Inquiry: Is it permissible, under the 
Code for Unfired Pressure Vessels, to 
single fusion butt-weld circumferential] 
joints in seamless nickel-copper tubing 
complying with Specifications SB-163 
and SB-165, or copper nickel tubing com- 
plying with Specification SB-111, 80-20 
type A or 70-30, having a maximum out- 
side diameter of 11/4 in., and a maximum 
wall thickness of 0.18 in., when the 
joints are to be oxyacetylene welded 
with complete fusion to a depth not less 
than the metal thickness? 

The process and welding operators 
would be qualified under Par. P-112, with 
the following exceptions: 

(1) The qualification tests will be 
made in accordance with the provisions 
in Case No. 1022 for pipe or tubing 
welds; 

(2) The tubes will be welded only in 
the horizontal position and revolved 
during the welding process so that the 
weld metal will be deposited vertically 
downward; 

(3) All such welded joints are hydro- 
statically tested to twice the working 
pressure, or a minimum test of 1000 psi; 

(4) Stress-relieving is not required and 
the excess weld metal or reinforcement 
shall not be removed. 


BOILER CODE 


Reply: It is the opinion of the Commit- 
tee that the fusion welding of tubing in 
accordance with the limitations stated in 
the inquiry will meet the requirements of 
the Code for Unfired Pressure Vessels. 


Case No. 1026 


In the hands of the Committee) 


Cass No. 1027 
(Interpretation of Fig. U-28) 
Inquiry: In the design of cylindrical 
vessels under external pressure requiring 
stiffening rings it is sometimes necessary 
to exceed the maximum length of arc of 
shell not supported by the stiffening ring 
given in Fig. U-28. Under what condi 
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tions may the length of unsupported 
shell arc exceed that permitted by Fig 
U-28? 

Reply: It is the opinion of the Commit 
tee that vessels under external pressure 
with stiffening rings in which the length 


mitted in Fig. U-28 will comply with the 
intent of the Code provided: 

(1) The length of unsupported shell 
arc does not exceed 90 deg; 

(2) The unsupported shell arcs in ad- 
jacent stiffening rings are staggered 180 
deg; 

3) The distance L used in the charts of 
Figs. U-22, U-24, and U-26 is taken as 
equal to twice the spacing between ad 
jacent stiffening rings, or as the distance 
from the end of the cylindrical shell to 
the second stiffening ring; and 

(4) All other applicable provisions of 
the Code, including the strength of the 
stiffening ring, are met. 





Books Received in Library 


AUPGABEN UND LEHRSATZE AUS DER ANALY- 
sis. Vol. 1, Reihen, Integralrechnung, Funk- 
tionentheorie, 342 pp. Vol. 2, Funktionen- 
theorie, Nullstellen, Polynome, Determinan- 
ten Zahlentheorie, 412 pp. By G. Pélya 
and G. Szegé. Dover Publications, New York, 
N. Y., 1945. Cloth, 51/2 X 83/, in., tables, 
$3.50 each volume. The purpose of this text is 
to present not only a mere collection of prob- 
lems but to put the problems in such order and 
groupings, with appropriate explanatory 
material, as to cultivate good habits in the 
mathematical thinking of the student. Ac- 
cordingly the two volumes cover the follow- 
ing topics in the field of mathematical analy- 
sis as follows: Vol. I, Infinite series and 
sequences; integral calculus; functions of a 
complex variable-general part. Vol. 2, Func- 
tions of a complex variable-special part; loca- 
tion of zeros; polynomials; determinants and 
quadratic forms; number theory. 


AvuToBIOGRAPHY OF ScigNnce, edited by F. R. 
Moulton and J. J. Schifferes. Doubleday, 
Doran and Company, Inc., Garden City, 
New York, N. 1945. Cloth, 5'/, X 
8'/o in., 666 pe tables, $4. From the earliest 
records to the twentieth century, the great 
triumphs of science, in all fields, are recorded 
in this volume in the original words of those 
who achieved them. The introductory notes 
by the authors immediately preceding the 
separate items provide brief information about 
the lives, activities, and achievements of the 
men whose writings are presented. This 
unusual collection will be of interest to those 
who like their information firsthand, allow- 
ing for the necessity of translation from foreign 
languages. 


DeveLopMEeNT OF Matuematics. By E. T. 
Bell. McGraw-Hill Book Co., Inc., New 
York, N. Y., and London, England, 1945. 
Cloth, 5°/4 X 9 in., 637 pp., $5. Although 
this book covers the evolution of mathematics 
from about 4000 B.C. to the present day, it is 
not strictly a history. The author's intent is 
rather to indicate main trends over this period, 
presenting them only through typical major 


episodes in each. Chief principles, meth 


and theories are considered in both pure and 
applied mathematics. The author clearly 
shows by the judicious use of technicalities 
how seemingly unimportant phases have been 
developed into tremendously useful lines of 
endeavor. The book should prove an_ in- 
spiration and a guidé to the young mathe 


matician in taking a larger view of his field 


nds, 


EveMeNTARY MecHANIcs Or Fiuips. By H 
Rouse. John Wiley & Sons, Inc., New York, 
N. Y.; Chapman & Hall, London, England, 
1946. Cloth, 5°/4 X 9/4 in., 376 pp., illus., 
diagrams, charts, tables, $4. The author con- 
siders the mechanics of fluids to be as funda- 
mental a treatment of fluid behavior as the 
mechanics of solids is of the behavior of rigid 
and elastic bodies, and develops flow prin- 
ciples from the basic equations of mechanics in 
a leateel, systematic order. He describes the 
practical application of these principles to 
problems encountered in various phases” of 
engineering endeavor, with many illustrative 
examples. The numerous problems are de- 
signed to further the student's own power of 
analysis. 

Hackxx’s Cuemicat Dictionary (American 
and British Usage), third edition completely 
revised and edited by J. Grant. Blakiston 
Company, Philadelphia, Pa., and Toronto, 
Canada, 1944; 1946 printing with changes 
and additions. Cloth, 6'/2 X 10 in., 926 pp., 
illus., diagrams, charts, tables, $8.50. This 
standard encyclopedic dictionary, based on 
recent chemical literature, covers not only the 
terms used in general chemistry, but also the 
collateral vocabularies of physics, astrophys- 
ics, mineralogy, pharmacy and medicine, 
and pertinent terms of agriculture, engineer- 
ing, and industry. It gives clear, brief state- 
ments of chemica! theories, rules and laws, 
descriptions of elements, compounds, prod- 
ucts, apparatus, etc., and notes the names of 
important scientists. Much new material 
has been added to the present edition, in- 
cluding terms relating to atomic disintegra- 
tion. 











A.S.M.E. NEWS 


And Notes on Other Engineering Societies 
_> c 


Eighteenth Annual Oil and Gas Power 
Conference at Milwaukee, June 12-15 


Railroad Diesels, Gas Turbines, and Gas Diesels to Be Featured 


HE Oil and Gas Power Division of the 
4.S.M.E., resuming a practice interrupted 


1 1945 by rea f the government ban on 
conventions, will hold its 18th National Con- 
ference on June 12-15, 1946, at the Horel 


The new- 


Schroeder, Milwaukee, Wisconsin 
t developments in railroad Diesels, gas tur- 


bines, and gas Diesels will be featured in the 

tech al sessions of the conference 
Plant-Inspection Trips 

Beca f the excellent possibilities foi 

pe f in Mil- 

vaukee and vicinity, bur one afternoon se sion 

pening day, Wednesday, 

June 12. Trips will be made on all other after- 

noons and che tnnovations of simulraneous 

technical s s on Friday and Saturday 


mornings and an evening session on Friday 
have been planned to accommodate the many 
important papers scl eduled 

The Diese Engine Manufacturers’ Associa- 
1 ill co-operate with the Oil and Gas 
Power Division by sponsoring the program of 
the banquet to be held on opening day. E. J 
Kates, div 
banquet and introduce E. J. Schwannhauser, 
DEMA president, 


executives of the industry for short talks on 


ion chairman, will preside at the 
who in turn will call on 
for Diesel engines in the various 


the outlool 
fields of application 
Social Events 

Other social events are also planned. A 
luncheon on opening day, midday social hours 
on Thursday and Friday, and one of the famous 
Oil and Gas Power Division social evenings 
on Thursday have been arranged. A short 
talk on the ‘History of the Diesel-Electric 
Locomotive"’ will be a feature of the Wednes- 
day luncheon. 

As at past Conferences, manufacturers of 
Diesel engines and accessories will show their 
products in numerous attractive booths in 
close proximity to the meeting rooms. 


Special Committee 


Under the guidance of Robert Cramer, a spe- 
cial committee of the A.S.M.E. Milwauke Sec- 
tion of which T. E. Wetzel is chairman is mak- 
ing arrangements for the sessions, inspection 
trips, and social events. Bruno V. E. Nord- 
berg will be honorary chairman of the Confer- 
ence; general details are in charge of E. J. 
Kates and L. N. Rowley, chairman and secre- 
tary, respectively, of the A.S.M.E. Oil and Gas 
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Power Division, and R. Tom Sawyer, chairman 
of the Meetings and Papers Committee. 
A tentative schedule of the complete Con- 


erence follows: 


WEDNESDAY, JUNE 12 
10:00 a.m, 
Registration 
12:00 noon 
Luncheon: ‘‘History ot Diesel-Electric Loco- 
motives,’ by L. G. Coleman 
2:00 p.m. 
Technical Session 
Ten-Year Progress Report on Internal-Combus- 
tion Engines, by R. B. Rice 
Diesel Engines for Peak-Load and Stand-By 
Service, by A. C. Kirkwood 
Evening 
6:00 p.m. 
Exhibitors’ Social Hour 
6:30 p.m. 
Banquet (informal) 
Presiding Officer: E. J. Kates 
Toastmaster: E. J. Schwannhauser 
Speakers: R.H. Morse, R. E. Friend, C. E. 
Brindley, A. W. McKinney, and W. T. 


Growe 


THURSDAY, JUNE 13 
9:30 a.m. 
Technical Session 
Symposium on Gas-Diesel Development with 
Emil Grieshaber, Ralph Miller, Ralph 
Boyer, C. E. Cox, and J. C. Barnaby 
12:00 noon 
Social hour 
2:00 p.m. 
Inspection trip to Nordberg Manufacturing 
Company 
8:00 p.m. 


Social evening 


FRIDAY, JUNE 14 
9:30 a.m. 
Technical Session—Gas Turbines 


The Gas Turbine as a Land Power Unit, by 
A. D. Hughes 
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Metallurgical Considerations in Gas Turbines, 
by N. L. Mochel 

An Exploratory Excursion Into Patents Con- 
cerning Gas Turbines, by E. M. Fernald 

Technical Session—Diesel Engines 

A New System of Turbocharging, by Ralph 
Miller 

Diesel Combustion Temperatures—the In- 
fluence of Operating Variables, by O. A. 
Uyehara, P. S. Myers, K. W. Watson, and 
L. A. Wilson 


12:00 noon 

Social hour 
2:00 p.m. 

Inspection trip to Allis-Chalmers Manufac- 
turing Company (gas turbines, jet propul- 
sion 

Evening 

7:30 p.m. 

Technical Session 

Symposium on New Railroad Diesel Engines 
with J. H. Davids, H. Bohuslav, Ralph 
Miller, George Noltein, and Ralph Boyer 


SATURDAY, JUNE 15 


9:30 a.m. 
Technical Session—Gas Turbines 
European Gas-Turbine Developments, by S. A. 
Tucker 
Recent Brown-Boveri Gas-Turbine Develop- 
ments, by P. R. Sidler 
Control of Closed-Cycle Gas-Turbine Plants, 
by F. Salzmann 


Technical Session—Marine Drives 


The Bowes Drive, by B. C. Seaman 
Heavy-Duty Chain Drives for Marine Propul- 
sion Service, by Norman Bremer 


2:00 p.m. 
Inspection trips—optional, to be arranged. 


| A.S.M.E. National 
Nominations 


HE 1946 Nominating Committee 

invites Members to appear at its 
open meeting June 17, 1946, at the 
Statler Hotel, Detroit, Mich. Members 
may present their views concerning 
candidates for the offices of President, 
Regional Vice-President, or Director- 
at-Large, any time between the hours 
of 1 p.m. and 5 p.m. on Monday, June 
17, 1946. 
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Program of Semi-Annual Meeting of A.S.M.E. 


Applied Mechanics Division, Buffalo, N. Y., 


June 21-22 


Headquarters at Hotel Sheraton 


9:00 a.m. 
Registration 


FRIDAY, JUNE 21 


10:00 a.m. 
Strength of Materials 


Chairman: A. F. Donovan, Cornell Aeronauti- 
cal Laboratory. 

Recorder: C.E. Harrington 

Buckling Under Locally Hydrostatic Pressure, 
by C. H. Handelman, Brown University. 

Cylindrical Buckling of Sandwich Plates, 
by J. N. Goodier, Cornell University. 

Initially Curved Flat Spring With Large De- 
flections, by F. Hymans, Oris Elevator Com- 
pany, New York, N. Y. 

Reinforcement of a Small Circular Hole in a 
Plane Sheet Under Tension, by S. Levy, A. 
E. McPherson, and F. C. Smith, National 
Bureau of Standards, Washington, D. C. 

An Elementary Theory of the Bourdon Gage, 
by Alfred Wolf (by title), Geophysical Re- 
search Corporation. 


2:00 p.m. 
Theory of Metals 


Chairman: J. L. Yates, Worthington Pump & 
Machinery Co. 

Recorder: E. A. Davis, Westinghouse Electric 
Corporation 

Proposed Experiments for Further Study of the 
Mechanism of Plastic Deformation, by 
James S. Koehler, Carnegie Institute of Tech- 
nology. 

A Thermodynamic Theory of the Fracture of 
Metals, by Edward Saibel, Carnegie Insti- 
tute of Technology. 

Electronic Structure and Metallic Properties, 
by R. Smoluchowski, General Electric 
Company. 


6:30 p.m. 
Dinner 
The Future of Research, by L. A. Hawkins, 
consultant, Research Laboratory, General 
Electric Company. 


SATURDAY, JUNE 22 


10:00 a. m. 
Fluid Mechanics 


Chairman: R. D. Madison, Buffalo Forge 
Company 

Recorder: J. Bicknell, Massachusetts Institute 
of Technology 

The Steady-Turbulent-Flow Equations of Con- 
tinuity, Momentum, and Energy for Finite 
Systems, by E. R. Van Driest, Massachusetts 
Institute of Technology. 

Boundary-Layer Effects in Transonic Flows, 
by Hans Liepmann, California Institute of 
Technology. 


Supersonic Nozzle Design for the Engineer, 
by Allen Puckett, California Institute of 
Technology 

A Successive Approximation Method of Ob- 
taining Subsonic Compressible Flow Ana- 
logs of Given Incompressible Flow Pat- 
terns, by F. W. Geiger, Cornell Aeronautical 
Laboratory. 

Analytical Design of Centrifugal Air Compres- 
sors, by C. Concordia and M. F. Dowell, 
General Electric Company. 
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2:00 p.m. 
Elasticity and Plasticity 


Chairman: E. Reissner, Massachusetts Insti 


tute of Technology 


Recorder: H. Hawkins, Bel! 


tion 


Aircrate Corpora- 


A Photoelectric Method of Measuring Damp- 
ing in Metal Forks at Elevated Tempera 
tures, by T. E. Pochapsky and W. J. Mase, 
Battelle Memorial Institute. 

Internal Friction in Engineering Materials, 
by J. M. Robertson and A. J. Yorgiadis, 
The Pennsylvania State College. 

Analytical Expressions for Principal Strains, 
by W. T. Thomson, University of Wisconsin. 

Dual Stress-Strain Laws of Elasticity and 
Plasticity, by A. N. Glevzal, David Taylor 
Model Basin. 


Actions of A.S.M.E. Executive Committee 


At a Meeting Held at A.S.M.E. Headquarters, April 23, 1946 


of the Council of The American Society 
of Mechanical Engineers was held at Soci- 
ety headquarters, New York, N. Y., on April 
23. There were present: D. Robert Yarnall, 
chairman; R. F. Gagg, J. N. Landis, A. R. 
Stevenson, Jr., A. R. Mumford (Sections), 
K. W. Jappe, treasurer, Alex D. Bailey, past- 
president, David Larkin (Council representa- 
tive on Finance Committee), C. E. Davies, 
secretary, and Ernest Hartford, 
assistant secretary. 
The following actions of the Committee are 
of general interest. 


\ MEETING of the Executive Committee 


executive 


Election of Honorary Member 


As a result of letter ballot, William S. 
Knudsen, of Detroit, Mich., was elected an 
honorary member of the Society. 


Sections 


Approval was voted of the establishment of a 
Des Moines Section of the Society. 


Membership Grades 


A committee consisting of J. N. Landis, 
A. C. Chick, and A. R. Mumford was ap- 
pointed to investigate and report to the Ex- 
ecutive Committee on the purposes and quali- 
fications of the grade of Fellow. 

The special Survey Committee consisting of 
R. F. Gagg and C. B. Peck was requested to 
study the subject of dues for grades of member- 
ship other than Fellow and the privileges 
which each grade enjoys. 


Honors and Awards 


A vote of deep appreciation was made to 
Charles T. Main, Inc., for the contribution of 
$4000 to increase the capital amount of the 
Charles T. Main Fund, and also toC. M. Allen 
for his co-operation. 


Procedure for Planning National 
Meetings 


Approval was voted of a statement on 


A.S.M.E. Procedure for Planning National 


Meetings 
Freeman Scholarship 


Under terms approved by the Freeman 
Award Committee, Freeman Scholarships were 
awarded to two students, T. H. Chien, of 
Chungking, China, and James C. Ma, of the 
University of Michigan. Under these scholar- 
ships the two students will pursue postgradu- 
ate studies for one year and will obtain one 
year’s experience in agriculture and industry. 

Atomic Energy Commission 

It was reported that on March 7 the Engi- 
neers Joint Council requested the presidents of 
the five constituent societies to prepare and 
issue a statement for the press and for various 
society publications covering (1) the impor- 
tance of engineering in nuclear-energy develop- 
ment and (2) the advisability of including in 
the Atomic Energy Commission a Division of 
Engineering. As a result of this action a tele- 
gram was sent to Senator Brien McMahon on 
April 11 and a statement was sent to the press. 
See MecHANicaL ENGINEERING, April, 1946, 
pages 295 and 374. 


Science Research Legislation 


It was voted to refer Bill S-1830 on the es- 
tablishment of a National Research Founda- 


tion to the Sections for comment. 


Power Test Codes 


It was voted to discharge with sincere 
thanks Power Test Codes Committee No. 15 
on Steam Locomotives and to reorganize this 
committee with the following personnel 
Lawford H. Fry, chairman, C. D. Barrett, 
W. F. Collins, J. E. Davenport, Ralph Johnson, 
H. G. Miller, H. B. Oatley, and A. J. Town- 
send. 


Appointments 


The following appointments were reported 
for the record: 


A.S.M.E. News 











Membership Development: W. G. Mcln- 


Metals Engineering Handbook Board: Sabin 
Crocker 
Joint A.S.T.M.-A.S.M.E 


tee on Effect of Temperature Upon the Proper- 


Research Commit- 


ties of Metals: H. C. Cross and Russell Franks 
Guggenheim Medal Board of Award: Fred 

E. Weick 
National Management Council: J. M. Juran, 
A.S.M.E. representative on Executive Com- 

f N.M.C. (replacing J. M. Talbot 

Sixt International Congress of \ pplied 
Mechanics: H. Poritsky, J. P. Den Hartog 
led by Applied Mechanics Divi- 


Inauguration of president of University of 


23: Lucian C. Sprague. 


Minnesota, April 
Inauguration of president of University of 
New Mexico, May i0: A. D. Ford. 
President Truman's Highway Safety Confer- 
Washington, D. C.; May 8-10: E. R. 


Granniss 


ence, 


Honorary Chairmen of Student Branches: 
Reuel L. Smith, University of Cincinnati; 
Victor Scrotton, Columbia University; Freder- 
ick J. Reed, Duke University; James B. Hart- 
man, Lehigh University; E. Kent Springer, 
California; E. B. 


Bronis R. 


University of Southern 
Parker, Washington State College; 


Onuf, Yale University. 


Government and Industry Concur on 
National Aeronautical Research Policy 


NATIONAL aeronautical research policy 
A designed to insure maintenance of Ameri- 
an air supremacy in the future was made pub- 
lic April 1, 1946, following a joint meeting of 
he National Advisory Committee for Aero- 
nautics and the Industry Consulting Commit- 
§ the National Advisory Committee for 
utics in Washington, D. C. 
esearch policy, which represents a key- 





cn f 
tone for the construction of an over-all 
American air policy, carries the endorsement of 
the Army Air forces, Navy Bureau of Aero- 
autics, Civil Aeronautics Administration, 
N.A.C.A. Industry Consulting Committee, 
und the National Advisory Committee for 


Statement of Functions 


The statement of the National Aeronautical 
Research Policy includes a clear-cut definition 
f functions of the major technical elements 
ymposing American aviation so that maxi- 
um technical progress in aviation can be 
achieved through co-ordinated effort. Funda- 
mental research is stated to be the function of 
the National Advisory Committee for Aecro- 
nautics; application of research results to the 
Jesign and development of improved aircraft 
and equipment, both civil and military, is to 


be the function of the aircraft industry; evalua- 
tion of military aircraft and equipment de- 
veloped by industry and the exploration of 
possible military applications of research re- 
sults, are to be the functions of the Army and 
Navy Air Forces; and finally, the expedition 
of the practical use in civil aeronautics of 
newly developed aircraft and equipment, in so 
far as government assistance may be necessary, 
is to be the function of the Civil Aeronautics 
Administration. 


Co-Ordinated Activity 


According to the policy, ‘Unnecessary du- 
plication of facilities and effort will be avoided 
by adherence to the principles stated above, 
but for important problems whose practical 
solution appears to be especially difficult, par- 
allel attack by several independent research 
teamsisnecessary. Insuchcase, the N.A.C.A. 
the aircraft industry, Army and Navy, Civil 
Aeronautics Administration, Department of 
Commerce, and individual scientists and inven- 
tors may work on various aspects of the same 
basic problem. Such parallel attack must be 
co-ordinated and it is the policy of the N.A. 
C.A. to achieve such co-ordination through 
the medium of subcommittees of experts repre- 
senting all concerned.”’ 


Division of Engineering and Industrial Research, N.R.C., 
Appoints Louis Jordan Executive Secretary 


EAN FREDERICK M. FEIKER, member 
A.S.M.E., chairman, Division of Engi- 
neering and Industrial Research of the Na- 
tional Research Council, has announced the 
appointment of Louis Jordan as executive 
ecretary of the Division. Mr. Jordan has re- 
ntly been executive secretary of the War 
Metallurgy Committee and head technical 
aide, War Metallurgy Division of N.D.R.C. 
Mr. Jordan, trained initially as a chemist 
and metallurgist, was for many years a member 
f the staff of the metallurgical division of the 
National Bureau of Standards, directing re- 
search in chemical metallurgy, and in heat- 
treatment and elevated-temperature service of 
metals. He later served as assistant secretary 
of the American Institute of Mining and Metal- 
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lurgical Engineers and as executive secretary of 
the Metals Divisions of the A.I.M.E. He re- 
turned to Washington early in 1941 and was on 
the staff of the Office of Production Magzge- 
ment, later War Production Board, as a min- 
eral commodity expert concerned with the pro- 
duction and allocation of nickel. In January, 
1942, he came to the National Research Coun- 
cil and was responsible throughout World War 
II for the administrative organization and 
operation of the War Metallurgy Committee 
in all of its activities as an advisory committee 
to ORSD and WPB in the fields of minerals and 
metals research and development. 

Dean Feiker stated that this appointment is 
in line with the plans of the National Research 
Council to augment the permanent staff of its 
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technical divisions so as to be better able to 
continue the leading part the Council has 
played during World War II in organizing and 
co-ordinating research activities of interest to 
governmental, industrial, and educational in- 
stitutions. 


A.S.M.E. LI.&R. Division 
to Meet in Pittsburgh, Pa., 
Sept. 16-18 


HE Industrial Instruments and Regulators 

Division of A.S.M.E. is scheduled to meet 
at the William Penn Hotel, Pittsburgh, Pa., on 
September 16-18 during the week of the 
‘Instrumentation for Tomorrow,"’ exhibit and 
conference, to be held at the same place, spon- 
sored by the Instrument Society of America. 

H. F. Hebley, chairman of the A.S.M.E. 
Pittsburgh Section, has appointed a local com- 
mittee, with E. W. Jacobson as chairman, to 
co-operate with the Division in arranging for 
the A.S.M.E. events. 

Plans well under way call for two technical 
sessions, a symposium session, a dinner meet- 
ing with a prominent speaker, and two lunch- 
Also, the various committees of the 
Division will meet. A detailed program will 
be available soon 


eons 


A.S.M.E. Calendar 
of Coming Meetings 


June 12-15, 1946 
A.S.M.E. Oil and Gas Power 
Division Meeting 
Milwaukee, Wis. 

June 19, 1946 
A.S.M.E. Railroad Division 
Semi-Annual Meeting (in after- 

noon) jointly with A.A.R. 

Chicago, III. 


June 17-20, 1946 


A.S.M.E. Semi-Annual Meeting 
Detroit, Mich. 


June 21-22, 1946 
A.S.M.E. Applied Mechanics 
Division Meeting 
Buffalo, N. Y. 


| September 16-18, 1946 
Industrial Instruments and Regu- 
lators Division Meeting with 
Instruments Society of America | 
Pittsburgh, Pa. 


September 30-Oct. 2, 1946 


A.S.M.E. Fall Meeting 
Boston, Mass 


October 24-26, 1946 
Joint A.I.M.E. Coal and AS. 
M.E. Fuels Division Meeting 
Philadelphia, Pa. 
| December 2-6, 1946 


A.S.M.E. Annual Meeting 
New York, N. Y. 
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W. B. SHANNON, RECIPIENT OF THE 
THOMAS HAWKSLEY GOLD MEDAL 


A.S.M.E. Member Wins 
British Award 


HE Institution of Mechanical Engineers 
has awarded the Thomas Hawksley Gold 
Medal with premium to W. B. Shannon, mem- 
ber A.S.M.E., chief assistant constructional 
engineer, London Power Company, London, 
England, and to his co-authors, C. W. Pratt, 
T. B. Webb, and W. B. Carlson, Babcock and 
Wilcox Company, Limited, for their paper on 
“Expanded Tube Joints in Boiler Drums, With 
Special Reference to the Battersea High Pres- 
sure Boilers.”’ 
The Thomas Hawksley Gold Medal is 
awarded annually for the best paper presented 
to the Institution. 


Navy Honors A.S.H.V.E. 
Research Laboratory 


HE Navy's Certificate of Achievement has 

been awarded to the Research Laboratory 
of the American Society of Heating and Venti- 
lating Engineers. The award, made in lieu of 
the Navy “‘E,"’ signalizes the ‘recognition 
of exceptional accomplishment in behalf of the 
United States Navy and of meritorious con- 
tribution to the national war effort."’ 

Early in the war it became evident to the 
Navy that if the men “‘fighting its ships’* were 
to be efficient, a number of problems con- 
cerned with the reaction of the men to condi- 
tions of heat, humidity, and noise would have 
to be solved. Among the problems under- 
taken by the Research Laboratory were cool- 
ing requirements of aviator ready rooms on 
aircraft carriers, spot cooling of workers in 
engine and fire rooms, and several others con- 
cerned with physiological and psychological 
effects of temperature and noise. 

The society made its research facilities 


available to the Unired S<ates Government for 
this research work, which was done under the 
direction of the Society's committee on re- 
search and a number of technical advisory 
committees. Valuable data resulted which 
provided improvements in design of heating, 
ventilating, and air-conditioning systems in 
naval vessels. 

These studies were carried on at the Re- 
search Laboratory which was located at the 
Bureau of Mines, Pittsburgh, Pa., the director 
being the late Commander F. C. Houghten, 
U.S.N.R. The Society's laboratory is now 
established at 7218 Euclid Avenue, Cleveland 
3, Ohio, in its newly acquired building, with 
Cyril Tasker, director of research, in charge. 


New Dean of Engineering 
at University of Cincinnati 
e A. JOERGER, member A.S.M.E., Uni- 


e versity of Cincinnati faculty member 
since 1913, becomes Dean of the College of 
Engineering Sept. 1, 1946, after serving as 
acting dean from March 1 through August 31, 
succeeding Robert C. Gowdy. 

Professor Joerger is a graduate of Stevens 
Institute, Hoboken, N. J., and taught in the 
Engineering College of Harvard University 
before coming to Cincinnati where he has 
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been head of the department of mechanical 
engineering. 

Prof. Howard K. Justice, University of 
Cincinnati graduate and faculty member 
since 1921, effective March 1, 1946, was named 
to a new position of assistant dean and director 
of admissions in the College of Engineering. 


Argentine Engineers Honor 
S. S. Steinberg 


HE Argentine Society of Engineers by 

unanimous action of its executive com- 
mittee voted to confer honorary membership 
on S. S. Steinberg, member A.S.M.E., dean, 
college of engineering, University of Mary- 
land, College Park, Md., ‘‘in recognition of 
his professional attainments and his outstand- 
ing work in promoting closer relations among 
the members of the enginecring profession 
in the three Americas."’ 

Under the auspices of the Department of 
State, and as the representative of the engineer- 
ing societies in the United States, Dean Stein- 
berg made a good-will tour of Latin America 
in the summer of 1945. Engineering societies 
in Ecuador, Uruguay, and Mexico similarly 
honored him with honorary membership 
their societies. 


Department of Commerce Holds Distribution 
Conference 


CONFERENCE called by Under Secretary 
Alfred Schindler, of the Department of 
Commerce, Washington, D. C., April 26, 1946, 
and under its sponsorship, brought together 
the presidents of leading organizations of 
America directly or indirectly connected with 
distribution. Its objective was “to co- 
ordinate the efforts of responsible groups and 
associations in matters which are of vital 
mutual interest, and to co-operate with the 
Department of Commerce in adapting, pro- 
moting, and implementing sound principles 
and methods in sales and distribution under 
our system of free enterprise." 


Principal Address by A. J. Browning 


The principal address was made by Albert J. 
Browning, director of the Office of Domestic 
Commerce, who gave a complete account of 
the two problems which he contends now face 
us: First, that of selling, which, with mer- 
chandizing, he regards to be the prime mover 
of our present-day American economy; and 
second, the apparent removal of the personal 
incentive of the American businessman and 
worker to expand employment and production. 

Because he spoke for the Department of 
Commerce, it was implied that it is their belief 
that these problems, if not promptly and cor- 
rectly solved, can lead us into a major recession. 

Mr. Schindler, in his extemporaneous re- 
marks, expressed the opinion that ‘‘the pent-up 
demand for goods is not as big as originally be- 
lieved and this will be cleared up quickly be- 
cause there are 3000 more plants in existence 
and the manufacturing know-how is greater 
than before this war.’ We have ‘‘a mass pro- 


duction economy and must develop quickly a 
mass-consumption one."’ Also, ‘these days of 
easy selling stifle creative salesmanship. ; 
The right kind of distribution is an educational 
problem"’ and hence they want to impress upon 
business “‘the need for upbuilding salesmen 
.... If business does not make jobs, then we 
can expect Government control’’ and this 
would spell ‘‘higher taxation." 


Secretary Wallace Speaks 


Secretary Henry A. Wallace, when asked to 
speak, seconded what Mr. Schindler had said 
and added that ‘‘more engineers should get into 
distribution because it requires systematic 
planning." 

Twenty-one delegates representing various 
distribution organizations of America were 
present at the confererce, and all were asked 
to express their opinions and to suggest reme- 
dial steps. 


R. L. Goetzenberger Represents A.S.M.E. 


Representing The American Society of 
Mechanical Engineers was Ralph L. Goetzen- 
berger, member A.S.M.E., and vice-president, 
Minneapolis-Honeywell Regulator Company. 
He covered the activities of the Society's Man- 
agement Division, particularly its recent meet- 
ing dealing with distribution. He also cited 
the activities of the Society's Standing Com- 
mittee on Education and Training for the In- 
dustries and some of the efforts of the Engi- 
neers’ Council for Professional Development in 
br.nging subjects such as marketing and dis- 
tribution before engineers at both collegiate 
and professional levels of education. 
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President’s Page 


The Growth of the Young Engineer 


ROM my observations in going about among groups of engineers, confusion seems to be 
increasing in the minds of young engineers concerning the effect on them of the National 
Labor Relations Act. This increase in confusion emphasizes how important it is for our 


Society to re-examine its opportunity in this field for constructive service. 


One of the most important ways of advancing the purposes of our Society is the encourage- 


ment of the engineer, particularly the recent graduate, in his professional growth. 


Our Society has been created for the broad purpose of recording and disseminating engineer- 
ing knowledge for the good of mankind. It has its social functions, as it affords opportunities 
through professional meetings for broadening contacts. It is a creator of codes and standards 
and ethical practices. It is a technical educational institution of great importance. It is a 
great deal more than an organization created for the purpose of helping its members make 
more money. 

The young graduate engineer entering his profession with enthusiasm to do creative work 
is eager to learn and earnestly seeks these opportunities which our Society affords. He starts 
in a subprofessional position. What happens to him in this environment and to his growth 
in professional stature are matters of concern to all who think of themselves as engineers. 


If the graduate finds himself grouped with other men in a collective-bargaining unit, will 
his creative ambition be stifled? If so, the usefulness of our profession will be reduced and the 
productive capacity of the nation will be damaged. We cannot avoid this problem by saying 
it is a matter for the individual. In modern industry, the man who seeks to stand alone in 
our profession is very ineffective. 

As good citizens as well as engineers we must all assume our responsibility for helping 
these young men. Let us bear in mind that mechanical engineers in our Society in the middle- 
age and older groups are very largely executives, and managers, and chief engineers and so 
are stopped by law from encouraging or discouraging young engineers to participate in 
bargaining agencies. Yet these young men are the potential from which the next generation 
of managers, and executives, and chief engineers may come. 

We should re-assess the value of creative abilities of engineers, whether in large or small 
organizations. We should re-examine our policies on the training of the young graduate 
engineer and on adequately recompensing his growth. 

In our search we shall be helped by the study which is under way at this moment by the 
Engineers Joint Council of the policies of industries in relation to young engineers. I support 
this study and propose upon its completion to recommend vigorous measures to call its find- 
ings to the attention of leaders of industry and engineers. 


D. Rosert YARNALL, President, A.S.M.E. 
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Sections 


Three Important Meetings Held by Chicago 
Section During Midwest Power Conference 


URING the Midwest Power Conference 
D held in Chicago April 3 to 5, three im- 
portant meetings were sponsored by the Sec- 
tion. The first, on April 3, was a luncheon at 


Nn 


the Palmer House, Chicago, III., at which Alf 


Kolflat, was the speaker. Mr. Kolflat, who isa 
partner in the firm of Sargent and Lundy, spoke 
on ‘‘Problems in Power Plant Design.’’ He 
gave a brief history of our war experiences in 
designing power plants, with the resultant 
safety factor decrease in many places. He also 
touched briefly on the remaining problems that 
seem to be troublesome, such as coal unloading 
and ash removal. He said that the trend in 
power-plant operation is toward the push- 
button and less work, so that these prob- 
lems will eventually be dealt with and 
solved 

At the afternoon meeting on the same day, 
sponsored by the Power and Fuels Division of 
the Section, P. S. Dickey, member A.S.M.E., 
chief engineer, Bailey Meter Company, and 
W. ‘Campeanu, chief engineer, Marysville Sta- 
tion, were the featured speakers. The former 
gave a talk on ‘Automatic Control of Steam 
Generators and Auxiliaries," and the latter 
spoke on ‘‘Experiences in Operating at the 
Marysville Two hundred were 


present 


Station. 


Civic Responsibilities Discussed 


Ar the meeting on April 5, sponsored by 
the Civic Responsibilities Division of the Sec- 
tion, F. A. Faville, member A.S.M.E., president 
Faville-Le Vally Corporation, Chicago, IIl., 
opened the program with a few remarks on 
engineers and the part they should play in 
citizenship. He was followed by four speakers 
who gave their views on the subject of “Your 
Nation's Future, an Engineering Problem." 
They Melvin J. Evans, member 
A.S.M.E., management engineer, Melvin J. 
Evans Company, Chicago, Ill.; L. J. Fletcher, 
member A.S.M.E., director of training and 
community relations, Caterpillar Tractor 
Company, Peoria, lll.; S. R. Harrell, execu- 
tive vice-president, Acme Evans Company, 
Indianapolis, Ind.; A. A. Potter, past-presi- 
_ dent A.S.M.E., dean of engineering, Purdue 
University; and Roy V. Wright, past-president 
A.S.M.E., vice-president, Simmons-Boardman 
Publishing Company, New York, N. Y., who 
told of the work the A.S.M.E. Committee on 
Citizenship is doing. Dr. Wright is chair- 
man of the National Committee. The speakers 
were all effective in presenting the viewpoint 
of why the engineer should be interested in 
the nation’s future, and many interesting 
points were brought out. Six hundred attended 
this meeting. 

+ A lively panel discussion in which all of the 
speakers participated followed this remarkable 
and highly interesting session. 


were 


President's Night 

President's night was held on April 10 at 
the Builder's Club, Chicago, Ill., when Dr. D. 
Robert Yarnall, president A.S.M.E., was the 
guestof honor. Dr. Yarnall, in his address en- 
titled ‘Engineering and Citizenship,"’ stressed 
our obligation as engineers to become inter- 
ested in local and national government. He 
said that it is important for an engineer to keep 
abreast of the times in governmental legisla- 
tion so as to protect our own civil rights on the 
labor front. Present-day laws and condi- 
tions, Dr. Yarnall said, make it necessary for 
the young engineer to be a member of some 
labor organization, which is questionable in 
the sense that these individuals are eventually 
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management and not labor. How can we best 


protect our rights as a civilian and in our 
work, without being interested in govern- 
ment? It is our duty, he said, to provide a 
minimum of five hours a month to civic affairs 
continued greatness of America in 
Freedom. There were $4 in the audience 

A dinner meeting in the Electric 
Building, Chicago, Ill., was held on April 16, 
followed by a meeting in the Little Theatr 
Civic Opera Building, Chicago, when H. (¢ 


Frost, assistant director 


for the 


(Association 


of engineering, chen 
cal division, Corn Products Refining Company, 
Argo, Ill., gave a talk on “Some Considera 
Chemical Processe 


} 


tions in the Control 

This meeting was sponsored by the Industrial 
Instruments and Regulators Division of the 
Section. Mr. Frost presented a very inter 
esting discussion on the various jobs of 1 
strumentation he has been acquainted with ina 
He also gave a short re- 


view of the types of instruments used, their 


chemical industry. 


applications and limitations in the various 
phases of a few chemical processes with which 
he is familiar. His talk was illustrated wit! 
slides. There were 36 at dinner and 56 at the 


meeting which followed 


Philadelphia Section Commemorates the 
Birth of Westinghouse at Anniversary 
Meeting, April 23 


F Asem nari anniversary meeting com- 
memorating the birth of George West- 
inghouse was held by the Philadelphia Section 
on April 23, with the co-operation of the local 
sections of the American Institute of Electrical 
Engineers, Profes- 
sional Engineers, Society of Automotive Engi- 
neers, Society of Naval Architects and Marine 
Engineers, and the Engineers’ Club of Phila- 
delphia. After a dinner served in the Club 
Auditorium because of the large attendance, 
the tables were cleared away for a speaking 
program, at which President D. Robert Yar- 
nall presided 

“George Westinghouse—The Man"’ was the 
subject of the first speaker, Dean Samuel W. 
Dudley of Yale School of Engineering. He 
reviewed early developments of the air brake, 
and less familiar work on a rotary steam 
engine. The generous, human qualities of the 
inventor were stressed, as well as the intense 
interest which he devoted to the problems he 
was seeking to solve. 


ennsylvania Society of 


Rear Admiral Bowen a Speaker 


Rear Admiral H. G. Bowen, U.S.N., spoke 
on “‘George Westinghouse’s Contributions to 
the Navy"’ and gave credit to the vision which 
recognized correct engineering solutions prior 
to their common acceptance. In this category 
were the early advocacy of ac for electric util- 
ity systems at a time when dc was generally 
favored and, also, recognition of the need for 
reducing gears to permit both marine turbines 
and propellers to operate at efficient speeds. 
The latter advance was the forerunner of a 
series which the speaker intimated might cul- 
minate in the use of atomic power, to permit 


the design of vessels for maximum speed, with 
out regard for efficiency. 

The last address deale with “‘Past, Present 
and Future of Marine Machinery" and was de 
livered by J. A. Davies, manager, marine-tu 
bine engineering, Westinghouse Electric ¢ 
The human qualities of his firm 
founder were manifest from related instance 


Pp ation. 


personal contacts, as was also the urge tran 
mitted to the inventor's associates to keep i 
the forefront of engineering development 
Mr. Davies closed with some interesting ob 
servations of a recent trip to Japan to review 
enemy practice in naval engineering 


Special Professional Division Meetings 


Four special Professional Division meeting 
were held during the month. On April 2 ti 
Oil and Gas Power Division sponsored a meet 
ing at the University of Pennsylvania at whic! 
Rex W. Wadman, editor and publisher of 
Duesel Progress spoke on “‘Automotive Postwat 
Applications of Diesel Engines."’ He was fol- 
lowed by Mr. Neugent of the Sun Shipbuilding 
Corporation, who spoke on ‘Diesel Engine 
Lubrication."’ 

On April 16 the Wood Industries and Plas- 
tics Divisions held a meeting at which Thomas 
D. Perry, development engineer of the Resinou 
Products and Chemical Company, spoke on 
“Resin Adhesives for Wood."’ Also, a talk 
on “Engineering Applications of Plexiglas 
was given by Ralph E. Hess, technical engineer 
of the Rohm & Haas Company. 

The Heat Transfer Division co-operated with 
the Society of Naval Architects and Marine 
Engineers in a meeting on April 19 at which 
John Blizard, consulting engineer of Foster- 
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Wheeler, delivered the main paper on ‘‘Theory, 
Mechanical Design, and Applications of Heat 
Exchangers."’ Application problems were dis- 
cussed by Captain Bay and Messrs. Bowman, 
Dallinger, and Brierly. 

The final special Professional Division meet- 
ing for the season was held on April 30 under 
the auspices of the Hydraulic Division. S. 
Logan Kerr, consulting engineer, spoke on 

Cavitation in Turbines and Pumps.’ R. P. 
Devoluy of the Sapolin Company followed 
with ‘‘Cavitation in Ship Structures,’’ and 
F. L. Laque of the International Nickel Com- 
pany concluded with ‘Unusual Examples of 
Cavitation.” 


Akron-Canton Section Hears 
Talk on Hard Plastics 


On April 25 at Kaase’s Restaurant, Akron, 
Ohio, a dinner meeting was held. The 
speaker was Henry M. Richardson who gave a 
talk on *‘Hard Plastics and Their Field of Ap- 
plication.”” During his lecture Mr. Richard- 
son showed the following: artificial leg, plane 
propeller, gear, radar hood, rayon spinner 
bucket, square and round tubing, cams, cam 
follower, bearing for steel-mill rolls, dishes, 
lamp shades. He described in detail the fac- 
tors which determined their composition, the 
method of manufacture, and their commercial 
se. Forty-five were present 


Central Illinois Section Greets 
A.S.M.E. President 


On April 9 at the Peoria Country Club, 
Peoria, Ill., the Section had the pleasure of 
hearing D. Robert Yarnall, president A.S. 
M.E., speak on ‘Engineering and Citizen- 
hip." In his talk President Yarnall referred 
to the inadequacy of the present teaching 
methods, advocating a five-year course for 
engineers, and also mentioning the A.S.M.E. 
tudies in atomic energy. T. S. McEwan, 
1.S.M.E. vice-president, region VI, spoke on 
the duties of a regional vice-president. The 
new slate of officers was then presented and the 
business meeting conducted. 


Central Pennsylvania Section 
Hears Red Cross Field Director 


The meeting on April 8 at the Home Dairy, 
Williamsport, Pa., was held jointly with the 
A.S.T.E. The speaker was Sidney D. Milnor, 
field director, Red Cross, who spoke on “‘U. S. 
Occupation of Europe and Japan." Mr. Mil- 
nor told why, in his opinion, the occupation 
of Japan was probably going better than our 
cupation of Germany—because of the fact 
that the Japanese think of us as liberators, and 
the Germans think of us as conquerors. 
Eighty were in the audience. 


Cincinnati Section Enjoys 
Showing of Films 
On April 4 at the Schneider Memorial 


Building, Cincinnati, Ohio, colored sound 
Moving pictures were shown of ‘‘The World's 
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Largest Plate Mill,’’ through the courtesy of 
The Lukens Steel Company. The film showed 
the rolling of plate up to 195 in. wide, or up 
to 25 in. in thickness. Then followed a second 
film, ‘‘Highway to Production,’ by The Cin- 
cinnati Milling Machine Company, which has 
just been released. A short business meeting, 
conducted by chairman Martellorti, was held 
before the program. 


President Yarnall Speaks 
at Cleveland Section 


At a dinner meeting on April 11 at the 
Cleveland Hotel, Cleveland, Ohio, D. Robert 
Yarnall, president A.S.M.E., delivered an ad- 
dress entitled *‘Citizenship,"’ which explained 
the need for the engineer to interest himself 
in civic affairs and to accept his share of re- 
sponsibilities in government. Sixty-one mem- 
bers were present. 


Colorado Section Has Joint 
Meeting With A.I.E.E. and 
A.S.M. 


At a joint dinner meeting with the A.1.E.E. 
and A.S.M., on April 8 in the Chamber of Com- 
merce Building, Denver, Colo., Dr. A. A. 
Bates of the Westinghouse Electric Corpora- 
tion, gave a talk on ‘“‘Recent Experiences in 
Germany."’ He related his experiences as 
one of a group of specialists whose objective 
was to determine the status of Germany's 
progress in fundamental scientific research, 
with particular attention to their progress on 
the atomic bomb. One hundred and thirty- 
two members and guests attended the meet- 
ing following dinner. 


Ithaca Section Hears Talk by 
Supervisor of Technical 
Education 
On March 29 at the Arlington Hotel, Bing- 
hamton, N. Y., Wm. N. Fenninger, super- 


visor of Technical Education, Department of 
Education, State of New York, was the 
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speaker. His subject dealt with ‘‘Technical 
High Schools Versus Technical Institutes."’ 
Mr. Fenninger explained that legislation, 
passed by the State legislature and signed by 
the governor on the day before the meeting, 
established funds for creating a technical in- 
stitute in Binghamton, N. Y., to train techni- 
cians as responsible assistants to engineers. 
He gave a firsthand outline of the operation 
of such an institute and its relation to existing 
training programs in the area. Many educa- 
tors at the meeting created a lively discussion 
because the bill is not welcomed by many of 
them, while most citizens consider the project 
an outstanding advancement for the com- 
munity. 

The meeting on April 24 at the Arlington 
Hotel in Binghamton, N. Y., featured G. A. 
Malinros, sound engineer, I.B.M. Corpora- 
tion, Endicott, N. Y. Mr. Malinros, in his 
talk entitled ‘‘Noise—Its Cause and Cure," 
told of the practical use of sound study and 
extensive laboratory equipment at the I[nter- 
national Business Machines Corporation to 
overcome objectionable noise both in the 
factory and in product development. A dem- 
onstration.of equipment with samples of re- 
cently developed acoustic materials provided 
added interest. Industrial uses of supersonic 
vibrations were also described. 


“The Inside Story” Told at 
Kansas City Section 


On April 4 in the Pine Room, Union Station, 
Kansas City, Mo., A. F. Lister, Socony-Vac- 
uum Oil Company, gave a talk entitled ‘‘The 
Inside Story,”’ illustrated with a film which 
showed a drop of oil as it goes around a shaft, 
through a Diesel engine and through gears. 
The effects of different weights of oil were also 
shown on each part, under different condi- 
tions. Forty-eight were present. 

On April 26 thirty-two members from the 
section ttended a meeting at the University 
of Kansas. Professor Gray presided. An in- 
formal buffet luncheon was served in the me- 
chanical laboratory. A bronze tablet dedi- 
cating the mechanical laboratory to the in- 
structors of the mechanical department was 
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unveiled. After this ceremony a talk by 
Professor Brown on ‘‘Polarized Light’’ was 
heard. The theory and practical applications 
of polarized light were presented, and the talk 
was illustrated with pictures and models. 


‘Fatigue of Steels” Discussed at 
Mid-Continent Section 


On March 28 in the Chamber of Com- 
merce dining room, Tulsa Building, Tulsa, 
Okla., the Section held its regular monthly 
meeting. L. W. Vollmer of the Gulf Oil 
Research and Development Corporation, Pitts- 
burgh, Pa., presented a paper on “‘Fatigue and 
Corrosion Fatigue of Steels."" A history of 
fatigue studies and experiments was outlined, 
and it was shown that the results of experi- 
ments conducted shortly after the middle of 
the 19th century have changed little except 
for refinement in techniques. Charts and 
graphs were used to show the ratio of endur- 
ance-limit or fatigue-limit stress to ultimate 
stress for various steels and different number of 
cycles of repeated stress. Comparisons were 
made between different types of stresses such as 
tension, compression, bending, and: torsional 
stresses. The general conclusion was that de- 
signers should stay within the limits set up 
by Goodman's diagram for fatigue-limit 
stresses, and that under ordinary conditions no 
trouble should develop. Ben Hatcher of the 
local Kiwanis Club gave a short talk on 
“Civic Responsibilities and the Value of Be- 
longing to a Civic Organization."’ Thirty-five 
engineers were present. 

On April 25 the regular monthly meeting 
was held in the Junior ballroom of the Tulsa 
Hotel. The speaker was Egon Koehler of the 
Power Machinery Company, Tulsa, Okla. 
Mr. Koehler illustrated his talk on ‘*Pneu- 
matic Air Handling of Materials,’’ with slides 
showing the different types of machinery used 
and actual installations. He explained the 
use of the Fuller-Kinyon pump for copveying 
materials such as Fuller's earth, grains, and 
cement for distances of approximately 3000 
ft; the Fluxo system for conveying materials 
by air up to distances of one miie; and the 
Fuller Air-Veyor which will handle materials 
for a distance of approximately a half a mile. 
Thirty-one engineers found the talk interesting 
and educational. 


Lieut. Col. Bernard Lewis at 
New Haven Section 


At the April 10 meeting in the United II- 
luminating Company's Auditorium, New 
Haven, Conn., Lieut. Col. Bernard Lewis spoke 
on ‘Modern Trends in Ammunition."" The 
speaker traced the development of various 
types of grenades used in World War II, and 
used slides and displayed samples of the dif- 
ferent types of hand and rifle grenades. A 
dinner was enjoyed at the Cerioni Cafe Mel- 
lone before the meeting. 


Hydraulic Feeds and Controls 
Talk at New London Section 


On April 11 at the Mohican Hotel, New 
London, Conn., Charles G. Ellis, eastern 


representative of the Oilgear Company, gave a 
talk entitled “‘Hydraulic Feeds and Controls,"’ 
which was illustrated with slides and motion 
pictures. Mr. Ellis said that the heart of the 
Oilgear system is a _variable-displacement 
radial-piston-type pump driving a constant- 
displacement radial-displacement-type motor. 
The displacement of the hydraulic pump may 
be changed by a slide block that in turn is 
moved by a hydraulic piston and valve as- 
sembly being fed by a gear pump. By means 
of a suitable valving arrangement in the ex- 
ternal circuit of the system various sequences 
of operation may be obtained. The essential 
principal of any hydraulic system, the speaker 
pointed out, is the fact that oil moving under 
Pressure transmits motion and power from 
one point to another. The fifty members 
and guests found the talk most interesting. 


Plainfield Section Speakers 
Discuss Metallizing 


On April 17 at the Elk’s Club, Plainfield, 
N. J., Harry S. Collins discussed ‘*Metallizing 
Engineering,’ and Bernard Goldberg talked 
on the *‘Schori Process."" Both speakers gave 
excellent talks. Eighty members were present. 


Philadelphia Section Holds 
Reception for President 
and Mrs. Yarnall 
On Sunday, April 7, from 3 to 5, a reception 


for President D. Robert Yarnall and Mrs. Yar- 
nall was held by the Philadelphia Section” at 





PRESIDENT D. ROBERT YARNALL 


the local Engineers’ Club. Many members and 
their wives took advantage of this opportunity 
to meet our President socially. The guests of 
honor were joined in. the receiving line by 
Secretary C. E. Davies, local chairman Justin 
C. McCarthy and Mrs. McCarthy, past local 
chairman Frank W. Miller, and Mrs. Miller, 
Chairman of the Philadelphia Woman's Aux- 
iliary. 

Arrangements for the reception were made 
very largely by the efficient Woman's Aux- 
iliary, who deserve full credit for the social 
success of the event. Tasty refreshments, and 
floral decorations in blue and yellow, society 
colors, were evidence of the careful plans made 
by the ladies. Total attendance was approxi- 
mately 250. 
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Rock River Valley Section 
Hears Noted Aircraft 
Automotive Designer 


At the meeting on April 4 at Bascom Hall, 
University of Wisconsin, Madison, Wis., 
Wm. B. Stout, noted aircraft automotive de- 
signer, spoke on ‘‘New Fields for the Engi- 
neer."’ Mr. Stout said that new inventions 
create desires which urge people to work to 
obtain them. The production of these things 
creates jobs and business. He cited as ex- 
amples, transportation and communication 
as the cause of people getting outside the 
local sphere of existence. The Technical 
Club of Madison and University Committee 0 
Lectures and Convocations, co-operated with 
the Section for this program 


Dr. A. R. Stevenson, Jr., at 
Susquehanna Section 


On April 29 at the Stevens House, Lancaster, 
Pa., J 
man of the Section, Edward L. Rogers, York, 
Pa., who welcomed the assembled members 
The results of the recent 


Wayne Deegan introduced the chair- 


and their guests. 
letter ballot for next year's officers were an- 
nounced, as follows: Edward L. Rogers, 
chairman; J. Wayne Deegan and J. A. Galazzi, 
vice-chairmen; G. Dugan Johnson, secretary- 
treasurer. LeRoy F. Christman, president of 
the Pennsylvania Society of Professional Engi- 
meers, was introduced. Mr. Christman spoke 
briefly on che new Pennsylvania Professional! 
Engineers Registration Law which becomes 
effective June 30. He pointed out that the 
new law is one of the best in the United States 
governing the licensing of engineers and the 
practice of engineering. He explained the 
additional requirements the existing 
law, and urged all who were considering regis- 
tration to do so at once. 

The speaker of the evening, Dr. A. R. Steven 
son, Jr., A.S.M.E. vice-president, Region III, 
General Electric Company, Schenectady 
N. Y., gave a talk on ‘‘The Engineer's Place in 
Society.’ Dr. Stevenson pointed out that 
engineers are responsible for most of the tech- 
nological advances of our modern civilization, 
but have little voice in their ultimate use and 
control. He suggesced that a greater interest 
on the part of engineers in people and the 
humanities, instead of just in the exact sci- 
ences, would eventually lead outstanding 
engineers into political and other nontechnical 
fields where their training and knowledge 
could be utilized in shaping the destinies of 
communities, countries, and the world. 


over 


Waterbury Section Has Talk on 
Electronics 


On April 4 at the Hotel Elton, Waterbury, 
Conn., a talk entitled “Industrial Applications 
of Electronics,’ by Prof. Herbert L. Krauss of 
Yale University, was given before an audience 
of 28. Professor Krauss explained the opera- 
tion of the photoelectric cell and showed how 
it would work for many industrial applica- 
tions. He explained the how and why of 
amplifiers, a very necessary part of most elec- 
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JOINI MEETING OF WEST VIRGINIA SECTION A.S.M.E AND CHARLESTON CHAPTER, WEST 
VA 


NEERS, DANIEL BOONE HOTEL, CHARLESTON, W 


tronic equipment, and the use of high- and 
ilrra-high-fre , bes Many 1S 
ultra-high-frequency tube any question 
were answered in the discussion period which 


followed the talk 


West Virginia Section Hears 
A.S.M.E. Past-President 


On April 17 a joint meeting was held wit 
the Charleston Chapter, West Virginia So- 
ciety of Professional Engineers, at the Daniel 
Boone Hotel, Charleston, W. Va. The 
speaker was James W. Parker, past-president 
A.S.M.E., president, The Detroit Edison Com- 
pany, Detroit, Mich., whose subject was “‘A 
Great and Pressing Public Need."’ The key- 

te of this meeting on civic affairs was 
struck by Mr. Parker when he said: ‘‘Par- 
ticipation by engineers in public affairs, even 
in local municipal government, is a beneficial 
if not an indispensable thing if self-government 


} 
n 


is to succeed in these complex modern times.” 
He urged an awakening of interest in civic af- 
fairs by engineers and cited many cases of such 
participation in his home city of Detroit. He 
described the experiences of the Public Affairs 
Committee of the Engineering Society of De- 
troit, and the services it had rendered to the 
city. Following Mr. Parker's talk, an inter- 
esting discussion period resulted in the adop- 
tion by both societies of a resolution recom- 
mending the creation of a ‘Public Affairs 
Committee’’ in each. Copies of the resolu- 
tion are to be sent to the local sections of the 
other Founder Societies in Charleston, with 
the hope of creating a one over-all public af- 
fairs committee, in which each society would 
have representation. Ninety-five attended 
the dinner preceding the meeting, including 
many community leaders and public officials, 
and attendance at the meeting Was approxi- 


mately 170. 





Left to right: JAMES W. PARKER, PAST-PRESIDENT A.S.M.E.; J. L. BARKER JR., CHAIR- 
HENDERSON, CHAIRMAN, WEST © VIRGINIA 


MAN, WEST VIRGINIA SECTION ; j. G. 
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VIRGINIA SOCIETY OF PROFESSIONAL ENGI- 


Section Newsletter 
Creates Interest 


Published and Distributed by 
Washington, D. C., Section 


_ twenty-five dollars and 10 hours of 
editorial effort on the part of two or 
three members is al] that is required to produce 
‘The Washington Mechanical Engineer,"’ a 
newsletter published and distributed by the 
A.S.M.E. Washington, D. C., Section. Started 
in 1945 as a morale-building project to stimu- 
late the lagging interest of members, the news- 
letter has accomplished its purpose by broaden- 
ing the basis of participation in Section activi- 
ties and serving as a sounding board for ques- 
tions of local interest. 

According to F. E. Reed, former editor, who 
has relinquished his post to accept an assistant 
professorship at the Massachusetts Institute of 
Technology, the newsletter is planned six 
weeks before date of issue. Likely articles are 
selected and qualified members are invited to 
contribute copy on specific subjects. Three 
weeks later the editors meet again to assemble 
solicited and contributed copy and to map out 
arrangements for the printer. This work re- 
quires from 3 to 10 hours. 

Enthusiasm for the project among members 
provides sufficient copy to enable editors to de- 
vote most of their time to planning a good 
coverage of news. 

Since the newsletter is distributed with the 
notice of coming meetings, its distribution in- 
volves no extra cost to the members. The cost 
of printing and typing is covered by Section 
funds and averages about $25. 

Many other A.S.M.E. sections publish 
newsletters as a service to members. As a 
morale-builder, such a project is one of the best 
ways to stimulate friendly intercourse among 
members of any section. 
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Student Branches 


University of Missouri Host for Group VI 
A.S.M.E. Student Branch Meeting 


Sm University of Missouri was host for 
the Group VI convention of the A.S.M.E. 
student branches. The convention was held 
April 12 and 13 in the De Soto Hotel in St. 
Louis, Mo 

The convention opened Friday morning with 
an inspection trip to the Anheuser-Busch 
Brewery. This was followed by a luncheon at 
the hotel at which Herbert Kuenzel, of Wash- 
ington University, made an address of welcome 
to the eight colleges represented. The after- 
noon was devoted to a technical session at 
which five papers were presented. 

The evening banquet was the climax of a 
full day's activities. After the meal, and the 
entertainment by a girl accordianist and two 
girls with a novelty act, the speaker was intro- 
duced, J. C. Stearns of Washington University. 
Dean Stearns was connected with the Univer- 
sity of Chicago Atomic Research Laboratory 
during the war, hence he was able to give a 
new and real approach to his subject of 
~ Nuclear Energy. 

Saturday morning a breakfast was held by 
the Honorary and Faculty members to discuss 
next year's The final technical 
session was also held Saturday morning. The 
judges, Dean Dolve of North Dakota Agricul- 
tural College, Harry E. Frech of St. Louis, 
Mo., and Arthur Holman of the Union Electric 
Company of St. Louis, conferred and the win- 

ers of the papers presented were announced 
at the luncheon Saturday noon, as follows 

First prize to Lawrence E. Spear, Kansas 


f 
State College, for his paper ‘Fuel Evaporation 


convention 





PROF. LINN HELANDER, VICE-PRESIDENT 
A.S.M.E., PRESENTS FIRST PRIZE TO L. E. 
SPEAR 


Resulting in Faulty Carburetion and Engine 
Stoppage.”” 

Second prize to Roy P. Gatch, Nebraska Uni- 
versity, for his paper ‘‘Is Engineering a Worth- 
While Profession?" 

Third prize to Howard L. Caterson, Wash- 
ington University, for his paper “‘Servo- 
mechanisms—an Engineering Tool."’ 

Fourth prize to W. E. Bushnell, University of 
Missouri, for his paper “‘An International 
Comparison of Jet Engines."’ 

Fifth prize to James L. McCubbin, Univer- 
sity of Missouri, for his paper **Gas-Turbine 
Temperatures.” 

The final event of the two-day convention 
was an inspection trip through the Missourt 
Pacific Railroad shops. The convention was 
attended by representatives of eight colleges 
There were over ninety members present. 


University of Alabama Branch 


On April 22 a meeting was held in the Engi 
neering Building. George Curtiss, an engi- 
neer in the paper industry, gave a talk on the 
mechanical processes involved in the conver- 
sion of wood pulp into paper. So interesting 
was the speaker's discourse that the members 
expressed a desire for more lectures of this 


type. 
Alabama Polytechnic Institute Branch 


The first meeting of the spring quarter was 
held on April 8 in the Ramsay Engineering 
Building. Herbert Holdsambeck, chairman, 
gave a brief report on the success of the A.S 
M.E. Spring Meeting in Chattanooga, Tenn., 
which he, Max Mutchnick, Orlando Morales, 
together with Dean J. E. Hannum and Prof. 
C. Hixon, attended. In his talk Mr. Holdsam- 
beck stressed the point brought out by Ernest 
Hartford, assistant secretary A.S.M.E., of 
having a noted speaker talk to the members 
of A.S.M.E. about patent law and mechanical 
engineering in general. Dean Hannum, mem- 
ber A.S.M.E., spoke an encouraging word to 
the new members and continued with a short 
history of mechanical engineering. He con- 
cluded his talk by explaining the different 
offices that make up the A.S.M.E. and how 


each operates. 
University of Arizona Branch 


The meeting on March 4 in the Engineering 
Building was called to order by the chairman, 
Richard S. Clarage, who introduced the 
speaker, M. L. Thornburg. Mr. Thornburg 
gave a talk on the air-conditioning problems 
of the Magna Mine at Superior, Ariz., which 
was of great interest as the engineering college 
had just completed a model of the latest air- 
conditioning unit to be added to the mine. 
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The model is to be used to test different types 
of air-conditioning apparatus. All types of 
conditions can be duplicated, including tem- 
peratures from 140 to 160 deg at 100 per cent 
humidity met in the mine. 

On April 3 the speaker was a senior student, 
Russell McGibbney, who had worked on the 
tests that were performed on the air-condi- 
tioning unit which was the subject of the 
March 4 meeting. Mr. McGibbney described 
the unit in detail and the tests that were run 
on it, and at the end of his talk the audience 
went to the site of this unit where the speaker 
showed che unit in action and ran a sample 
test. 


Brooklyn Polytechnic Institute Branch 


On March 15 Prof. George E. Peterson, 
junior member A.S.M.E., of the mechanical- 
engineering department, gave a talk on the 
problems confronting a power-plant superin- 
tendent, that is, how to generate more power 
with greater efficiency and with less cost. 
He illustrated his talk with curves showing 
how the load on a boiler varies in any one day 
and throughout the year. He also enumer- 
ated the different sections of a typical power 
plant that a supervisor must handle, which are 
boiler room, turbine-room maintenance and 
construction, efficiency, and electrical supply 
The new officers elected 
Prof. George E. Peterson, 
honorary chairman; Vito Agosta, president; 
Dominick Casale, vice-president; Richard 
Foxen,ssecretary, and Frank Raffa, treasurer 

At the meeting on April 2 Philip De Gater, a 
graduate student at the Institute, gave a talk 
He told of the effece of lubri- 
cant, condition of surface, and the material 
itself on coefficient of friction in bearing sur- 
faces. This coefficient of friction is depend- 
ent upon the velocity and the temperature 
(since viscosity of the lubricant changes with 
temperature). He also told of the methods 
for measuring coefficient of friction and of the 
two schools of thought on the effect of 
the bearing surface on the friction developed 


and maintenance. 
for the term were 


on his thesis. 


University of Cincinnati Branch 

On March 6 a meeting was held in the Stu- 
dent Union Building. It was decided to hold 
an exhibit in conjunction with the mechanical- 
engineering department, on ‘‘Co-Op Day,” 
the day on which the University invites 
seniors from the high schools to visit and 
inspect the engineering colleges. An inspec- 
tion trip to Wright Field was also discussed 

At the meeting on March 21 it was decided 
to present an award on the annual Honor Day 
program of the University, to honor a worthy 
fellow-student. It was also decided to take 
part in the Sigma Sigma Carnival, an annual 
affair sponsored by a local honor society, the 
proceeds of which go to charity, and a com 
mittee was appointed to work up ideas. 

The inspection trip to Wright Field, Dayton, 
Ohio, was made on March 27. The members 
visited the installations at the field, including 
the power and armament laboratories and the 
flight line. 

At the April 10 meeting Prof. A. B. Bereskin 
of the electrical-engineering department 
spoke on ‘“The Cathode Ray—An Electronic 
Tool."’ He gave an extremely interesting lec- 
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ture about the uses and possibilities of the 
cathode ray and showed slides and demon- 
strations on the oscilloscope. 


Columbia University Branch 


A short meeting was held on April 5 in the 
Pupin Physics Laboratory, at which Victor 
Scottron, member A.S.M.E., on the faculty 
of the mechanical-engineering department, 
Columbia University, was chosen to hold the 
position of honorary chairman for the aca- 
demic year 1946-1947. The chairman, Joe 
L. Berryman, instructed the secretary to 
recothmend to the president of the A.S.M.E. 
that Mr. Scottron be appointed to this position 
as of October 1, 1946. Appreciation was ex- 
pressed for the work which John Englund, 
the current honorary chairman, has done in the 
branch for the past year. 


University of Florida Branch 


At the meeting on April 11 old business was 
transacted, and under new business a commit- 
ee on Publicity was formed, with Robert L. 
Olive, chairman, and Robert B. Shearer. 
Their principal duty is to contract for a page 
in the school yearbook, the “‘Simole,’’ and 
edit the page. Harold*W. Burney told of his 
visit to the Spring Meeting of the A.S.M.E. 

Chattanooga, Tenn., A film, ‘Streamlined 
Steel,"” was shown as the program feature of 
the meeting. 

Election of officers was held on May 2 with 
the following results: Prof. R. A. Thompson, 
honorary chairman; William P. Hall, chair- 
nan; John D. Carpenter, vice-chairman; 
Andrew H. Hines, Jr., Robert L 


Olive, treasurer. 


secretary; 


Georgia School of Technology Branch 


The first meeting of the new semester was 
held on March §. Election of officers gave 
the following results: Charles Schneider, 
president; Bill Scott, vice-president; Warren 
Turner, secretary-treasurer. 

The second meeting was held on March 12 
An interesting technicolor film entitled ** Build- 
ing Boilers for Ships,"’ was shown. This was 
presented by the Combustion Engineering 
Company. 

The meeting of March 15 featured Mr 
McMan of The Republic Flow Meters Com- 
pany. He spoke on a pertinent subject, ‘‘Is 
Engineering Education Enough?" 

The March 26 meeting was an afternoon field 
trip to the Plantation Pipe Line Company's 
pumping station at Doraville, Ga. The gen- 
eral setup of the compafy and the mechanical 
peration of the pumping station were ex- 
plained to the students. Especially interesting 
was the operation of the intricate electrical 
controls for shutting down and opening the 
two centrifugal pumps. 

On April 2 the speaker was Dr. Frederick 
Bellinger of the chemical-engineering depart- 
ment, a former colonel in the Chemical 
Warfare Service. Dr. Bellinger spoke on the 
“Fred Project,’’ the code name given to the 
development by the Chemical Warfare Service 
of a launching method for the buzz bomb. 
The talk was interesting from the mechanical, 
electrical, and chemical-engineering view- 
points. The speaker described many tech- 
nical difficulties which had to be overcome in 
a limited period of time. He said that the 
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AT THE MARCH 14 MEETING OF LEHIGH UNIVERSITY BRANCH 


(Left to right: 


E. M. Ramberg, president, Lehigh University student branch; Dr. Iversen, 


speaker; Dr. Bell, speaker; Prof. F. O. Larkin, head of the department of mechanical en- 
gineering, Lehigh University; K. E. Smiley, acting president, Lehigh University 


control of the chemicals and control of injec- 
tion into the launching cannon were the main 
problems, and these were overcome by ex- 
tensive research and experiment, all con- 
ducted at the Huntsville Arsenal, Ala. 


Illinois Institute of Technology Branch 


On April 12 the branch made a trip to the 
State Line Generating Station. This station 
is one of the largest power-producing stations 
and has the second best efficiency of any sta- 
tion in the country. Mr. Kramer, the ef- 
ficiency engineer, who ts a graduate of Illi- 
nois Tech., said that this was the first group in 
five years to be taken through the plant, be- 
cause of the war and the importance of the 
station in the Chicago system. He gave a 
talk on the operation of the station and its 
efficiency. The group was then divided into 
8 parts of 12 men per group, and guides con- 
ducted them through the station. 


Lehigh University Branch 


On March 14 was held one of the largest 
student branch meetings yet undertaken at 
Lehigh. The meeting was conducted under 
the title “New Secret Weapon Unveiled at 
Lehigh,”’ and the speakers were: Dr. Bell, 
regional director of Pittsburgh Defense Area; 
and Dr. Iversen, inventor of the new weapon 
“Little David,"’ which is the new }36-in. 
portable mortar. Dr. Iverson showed slides 
and movies of the development and testing 
of this new gun. There was an attendance of 
about 500. 

Officers for the spring and summer of 1946 
recently elected are: E. M. Ramberg, presi- 
dent; Richard Huyett, vice-president; Robert 
Parker, secretary; and Hans Baer, treasurer. 
J. B. Hartman, member A.S.M.E., instructor 
in mechanical engineering, was elected honor- 
ary chairman for this period. 


Missouri School of Mines and 
Metallurgy Branch 


On April 24 the program was a motion pic- 
ture entitled “‘Zinc Alloy Die-Casting,"’ pro- 
duced by the New Jersey Zinc Company. 
This film illustrated the advancement achieved 


in making dies and demonstrated how vital 
trained engineers and mechanics have been 
to the die-making industry from the days when 
the materials were handled by individu 
the present-day split-second machine 
con. 





University of Nebraska Branch 


On April 10 a meeting was held in Richards 
Laboratory. A paper was read by Roy P. 
Gatch on ‘Is Engineering a Worth-While Pro- 
fession?’’ This paper is to be presented at the 
regional convention in St. Louis. J. K. Lud- 
wickson spoke of the two awards offerc 
branch members by the Nebraska Section, 
A.S.M.E. All graduating members will be 
voted upon for the junior membership award. 
A nominating committee will be appointed to 
present nominees for the Marks’ Handbook 
Announcement was made of an in- 

4 film 











award. 
spection trip to Omaha on April 24 
entitled ‘‘Engineering’’ was shown as a part 
of the investigation of the graduate engineer's 
duties. 


University of Nevada Branch 


The second meeting of the spring semester 
was held on March 26 in the Mechanical 
Engineering Building. A new secretary- 
treasurer, Charles R. Breese, was elected. 
The program consisted of talks by three 
students on atomic energy: The first was 
“Its Theory and Development the second, 
‘Production Methods,’’ and the third, *‘Pos- 
sible Future Uses in Industry."’ An interest- 
ing discussion period followed. 


New York University Evening School 
Branch 


At the meeting on April 24 Robert J. 
Harper, close associate of the famous designer, 
Walter Derwin Teague, spoke on the subject 
‘Industrial Design.’ He explained how the 
designer, with experience in many industries, 
can bring to the engineering specialist a fresh 
point of view in the solution of problems of 
manufacture, performance, and use. In the 
postwar era, he said, with competition keener 
than ever before, engineers will be wise to call 
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upon the industrial designer to help them 
prepare their products for public presentation. 
Such products must not only be excellent in 
performance but must show the inherent or- 
ganization of their parts in every line of their 
outward appearance. The beauty of each 
product, like the beauty of a modern airplane, 
will be indisputable if its form is clearly de- 
rived from its function. 


North Dakota State College Branch 


At the April 11 meeting Dr. Dunbar, dean 
of the school of chemistry, North Dakota Strate 
College, presented an interesting talk entitled 
‘*Plastics."" He told of the history and de- 
velopment of the product and followed with 
demonstrations of plastic applications and 
products, ranging from false teeth to 5-in. 


pipe. 
Northeastern University Branch 


At the April 5 meeting in room 58R two 
guest engineers, Dana Atchley and Jack 
Morley, spoke to the students. The first 
speaker, at present a sales engineer at Syl- 
vania, discussed ‘Developments During the 
War in the Electronics Industry." Mr. Atch- 
ley explained that radar, though important, 
especially in high-precision work, is too ex- 
pensive to be used except in a limited way. 
His company, through research and experi- 
ment, has discovered substitutes which cost 
less and yet are as satisfactory. The ‘‘Dick 
Tracy’ lamp, in the scientific vernacular 
labeled a strobotube, is a form of flash lamp 
which eliminates the use of radar. The sec- 
ond guest engineer, Jack Morley, employed as a 
research engineer at Sylvania, supplemented 
Mr. Atchley’s talk with demonstrations. 


University of Oklahoma Branch 


At the meeting on April 16 two papers were 
presented. The first, ‘Induction Heating,”’ 


oR 


OREGON STATE COLLEGE STUDENT 


was by Paul V. Chan, mechanical-engincering 
student from Port of Spain, Trinidad; and the 
second, ‘‘Why Higher Horsepower in Light 
Planes?’*” was by Robert M. Wright. The 
first student, Paul Chan, deale with the theory 
of induction heating and then told of its many 
and varied uses, giving its limitations as to 
when and where it could best be used. Student 
Robert Wright presented his paper as a ques- 
tion or challenge to the builders of light air- 
planes. He brought out the importance of 
keeping the initial cost low, and operation 
and maintenance cost low if the light aircraft 
was to compete with the automobile industry. 
The challenge to the light-plane builder of 
today to produce a plane at a price acceptable to 
the public was compared to the challenge 
to the automobile industry after World War I 


Oregon State College Branch 


The first meeting of the term was held on 
April 11 on the campus. Activities of the 
branch for the coming term were discussed, 
and a joint meeting to be held with the Port- 
land branch of A.S.M.E. was planned for 
May 24. A field trip through an industrial 
plant in Portland as well as one at Eugene, 
Ore., was also planned for a future date. The 
program featured a U. S. Steel Corporation film 
entitled ‘‘Steel, Man's Servant.” 

On April 18 a meeting was held with the 
S.A.E. The guest speaker was Raymond 
Allen, safety engineer, Bonneville Power 
Administration, who gave a talk on ‘‘Safety in 
Engineering Applied to Industries."’ 

The first engineers’ ball in three years was 
held on April 27, when the Associated Engi- 
neers’ Society gave a dance on the campus. 
Music was furnished by Ted Hallock’s or- 
chestra. 

On May 1 the members made a field trip 
through the Crown-Willamette Pulp and 
Paper Mill at Lebanon, Ore. 


BRANCH 


Rice Institute Branch 

Ar the second meeting of the semester, o 
April 18 in Chemistry Lecture Hall, the mem- 
bers voted to visit the Sheffield Steel plant or 
an inspection trip. A vote was carried unani- 
mously that new members be accepted as local 
members, each one paying only the usual 
assessments for trips and social 
functions. Three prospective members pres- 
ent, however, decided to take out a regular 
membership in the A.S.M.E. A 
movie entitled ‘‘Gas’’ This 
depicted in color the construction of a pipe line 
for the Tennessee Gas and Transmission Com 


INspecth n 


student 


was shown. 


pany, tocarry natural gas from Texas to eastern 
Tennessee and West Virginia. The film 
showed new methods used in constructior 
work, some of which were developed « 

pecially for this job. A good general, over-all 
description of the problem encountered and 
the remedies used was given. 


University of Fochester Branch 

On April 9 the regular meeting was held in 
the Rush Rhees Libsgary. A proposed cor 
stitution for an engineering council was read 
and discussed, voted on, and accepted, with 
the exception of two sections. Jack Krosse, a 
student member, presented a paper entitled 
‘Rayon Spinning and Processing,*’ which is to 
be presented at the regional meeting. It was 
voted by the members who were present to 
award Mr. Krosse a prize for his excellent 
presentation. 

The afternoon of April 9 was devoted to an 
inspection trip through the Gleason Gear 
Works. Five groups were taken through the 
plant by a plant representative. The students 
were shown how gear-cutting machines are 
made, from the foundry and through all proc- 
esses, until the machine is crated and placed 
on freight cars for shipment. 
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Rutgers University Branch 


The student branch at Rutgers University 
has returned wholeheartealy to prewar activi- 
ties. A joint meeting of the Plainfield Section 
of the A.S.M.E. and the Rutgers student 
branch turned out to be the most successful 
undertaking of the season. C. C. Tyrrell, 
senior engineer of Anthracite Institute, was the 
featured speaker. He described the develop- 
ments in the home-heating field and what effect 
they would have on everyday life. 

Mr. Matthew Grubelich of Mack Truck, Inc., 
was the guest speaker at a closed meeting held 
recently. He explained many of the innova- 
tions in automotive design. 

At the convention of student chapters held 
at Pratt Institute, Brooklyn, N. Y., John 
Pavelka, the Rutgers vice-chairman, presented 
a paper on induction heating. 

The midsemester inspection trip through 
the Ford Edgewater plant proved to be the 
best attended event in the school year. 

The demand for technical motion pictures 
has been so great that several periods a week 
are set aside for their presentation. Civil and 
electrical engineering pictures are shown for 
the benefit of the other student organizations. 


University of Southern California 
Branch 


At the March 15 meeting in the Engineering 
Building, tentative plans for the semester's 
activities were discussed. Transportation was 
rranged for later in the afternoon for a field 


rip through the Southern Pacific Car Repair 


hops. 

On April 4 at the Engineering Building 
he resignation of the former secretary, Mr. 
Lyles, was accepted, and Henry A. Hoste was 
elected the new secretary-treasurer. Gordon 
Jacobs was elected vice-president. E. Kent 
Springer, honorary chairman, explained the 
proposal of the senior Los Angeles branch for 
part-time and summer employment for inter- 
ested students. Mr. Springer is co-operating 
with the senior branch officers in this matter. 
Five new membership applications and two 
membership renewals were accepted. 


Mn w 


University of Toronto Branch 


On March § at Hart House a student 
speaking competition was conducted. Twenty 
dollars was donated toward prizes by the 
A.S.M.E. Toronto Section and another $25 
was donated by the student branch. A pre- 
liminary contest was held on Feb. 28 to reduce 
the number of contestants, and at the March 
meeting four students, H. Humphrey, R. 
Parker, R. Singer, and H. Dederer presented 
papers of 15 to 20 minutes in length. While 
the judges, three junior and senior members, 
were reaching their decision, Prof. I. W. Smith 
gave a talk on the student spring conference. 


Tufts College Branch 


The first meeting of the current term was 
held on March 18 in Robinson Hall. The 
guest speaker, Prof. Raymond U. Fittz, a 
member of the faculty well known for his 
achievements in color photography, gave a 
talk outlining his methods and the theory 
behind color photography. Practically all of 
Professor Fittz's pictures were taken with 
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his 16 mm camera which he carries constantly. 
He showed several hundred color slides which 
cover the four seasons of the year. The first 
slides showed spring flowers, and the next 
featured summer scenes, including lakes, 
beaches, mountains, harbors, boats, and 
rivers; then came scenes of fall foliage and sun- 
sets. The last were beautiful winter forest 
scenes. Many of the pictures were taken under 
remarkable conditions, some directly into the 
sun, and others with very little lighting. He 
also had a set of color slides taken in the 
Museum of Natural History with the aid of a 
tripod, but no extra lighting. The pictures 
gave the impression of actual jungle scenes. 
A question period followed the talk. Nine 
new students joined the branch at the close of 
the meeting. 


Villanova College Branch 


On March 27 a meeting was held for the 
main purpose of securing new members and 
organizing a new membership drive. 

At the April 4 meeting two interesting 
papers were presented, the first by Raymond 
Richardson entitled *‘Development of Rasp 
Bars in Wheat Harvesting;’’ and the second 
by Joseph Hoffman on ‘‘Valve Grinding."’ 

On April 11 two more papers were given, 
one on ‘Gas Turbines,”’ by Paul Christenson, 
and the other ‘Instruments Used on Vibration 
Problems,’’ by Paul Wiedenhaefer. Of these 
four papers given at the two April meetings, 
the best will be chosen to represent the branch 
at the Pratt Institute convention. A drive 
for new members was started. 


George Washington University Branch 


On March 6, in room 203, Government 
Building, after a short business meeting, 
Dave Johnson, a member, gave a talk on the 
Dodge automobile engine, using a cut-away 
model for demonstration. An _ interesting 
discussion followed, and numerous questions 
were answered by the speaker, and illustrated 
by him with the cut-away model which he 
tore down and reassembled. 

At the meeting on April 3 five competitive 
talks by students were given, the winner and 
runner-up to represent the branch at the re- 
gional conference in May. Norman Matlow 
gave a talk on ‘‘Friction in Journal Bearings 
Under Fluid and Thin Film Lubricating Condi- 
tions."" Ben Sorin spoke on ‘Fatigue Fail- 
ures."" Elwood Mullins read a paper en- 
titled ‘Origins of Engineering,’’ Nancy Larsen 
a paper on ‘‘Topographical Drafting,’’ and 
Herbert Murray a paper on ‘‘Automobile Igni- 
tion Systems."" The prize, a handbook of the 
winner's choice, was awarded to Ben Sorin. 
The runner-up was Herbert Murray, and 
Elwood Mullins won third place. A vote was 
taken to elect a graduating mechanical-engi- 
neering student to honorary junior member- 
ship in the parent chapter. Of the three can- 
didates, Joe Reich, John Goff, and Rudolph 
Gareau, the vote went to John Goff. 

The May 1 meeting was devoted to the 
election of officers for the coming year, with 
results as follows: A. Benjamin Sorin, chair- 
man; Frank B. Weathersbee, Jr., vice- 
chairman; Nancy J. Larsen, secretary; Elmer 
G. Sunday, treasurer, and Robert E. Kemelhor 
and David P. Johnson, engineers’ council. 
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University of Wisconsin Branch 


The first meeting of the second semester was 
held on March 26 in the Mechanical Engineer- 
ing Building, and called to order by the new 
president, Art Schmitt. A formal introduc- 
tion of the new officers was made so that the 
many new members could become acquainted. 
Announcement was made of a joint meeting to 
be held with the Milwaukee Chapter of the 
S.A.E. in April. 


Worcester Polytechnic Institute Branch 


On May 1 a group of members motored to 
Somerville, Mass., with honorary chairman, 
Prof. L. J. Hooper, to visit the Ford assembly 
plant. The tour of the plant gave the students 
an excellent idea of the detailed planning neces- 
sary in all subassembly departments, to keep 
the main automobile assembly line moving. 
The body subassembly brought out the ad- 
vantages of jigs and fixtures in rapid production 
of welded structures. 


Buffalo University Creates 
New School of Engineering 


HE University of Buffalo, Buffalo, N. Y., 

has created a new school of engineering 
and has appointed Paul E. Mohn, member 
A.S.M.E., to serve as dean. 

The new school, the eleventh division of the 
University, will be housed in an engineering 
building, now under construction, and sched- 
uled for completion in October, 1946. 

Although the first four-year program in 
mechanical engineering at the University was 
established in 1944, the enrollinent in engineer- 
ing has increased so rapidly that it now stands 
larger than the enrollment in any of the Uni- 
versity’s older divisions. 


Penn State, D.E.M.A. Offer 
Short Course in Diesel 
Engineering 


NNOUNCEMENT has been made of a 
4 \ short course for teachers of Diesel engi- 
neering to be held June 24 to July 6, 1946, at 
the School of Engineering, The Pennsylvania 
State Colicge, State College, Pa., in co-opera- 
tion with the Diesel Engine Manufacturers 
Association. 

The course is designed to add to the knowl- 
edge of engineering and technical schools who 
are already initiated in the fundamentals of 
heat power and Diesel engineering. Enroll- 
ment will be limited to 40 persons, members of 
engineering faculties. 

Morning sessions will be devoted to lectures 
and discussions and afternoon sessions to lab- 
oratory exercises. 

Arrangements for enrollment should be 
made with H. P. Hammond, dean, School of 
Engineering, State College, Pa. 


N.A.C.A. Vacancies Filled 
by President Truman 


RTHUR E. RAYMOND, president, In- 
stitute of Aeronautical Sciences, and 
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Ronald M. Hazen, chief engineer, Allison di- 
vision, General Motors Corporation, were 
appointed by President Truman to fill the 
vacancies on the National Advisory Commit- 
tee for Aeronautics created by the resignation 
of Dr. William F. Durand, past-president and 
honorary member A.S.M.E., professor emeri- 
tus of mechanical engineering, Stanford Uni- 
versity, Calif., and Dr. Edward Warner, mem- 
ber A.S.M.E., president, Interim Council of 
the Provisional International Civil Aviation 
Organization. 

The N.A.C.A. is a committee of fifteen mem- 
bers who are appointed by the President and 
who serve without compensation. The com- 
mittee is the governing body of the nation’s 
aeronautical research program and operates re- 
search laboratories at Langley Field, Virginia, 
Moffett Field, Calif., and Cleveland, Ohio. 


A.S.T.M. to Hold Annual 
Meeting in Buffalo, N. Y., 
June 24 to 28, 1946 


HE 1946 annual meeting of the American 

Society for Testing Materials will be held 
at Hotel Statler, Buffalo, N. Y., June 24 to 28, 
1946. 

An exhibit of testing apparatus and related 
equipment as well as an exhibit of photo- 
graphs has been arranged as part of the meet- 
ing. 

Symposiums are planned on the following 
subjects: Bearings, Fatigue, Spectroscopic 
Light Sources, Testing Parts and Assemblies, 
Oil Procurement Practices, pH Measurements, 
and Effect of Temperature on the Properties of 
Metals. 

The annual meeting of the Applied Mechan- 
ics Division of the A.S.M.E. will be held at 
Hotel Sheraton, Buffalo, N. Y., June 21 and 22, 
1946. Some members of the A.S.M.E. may 
prolong their stay in Buffalo in order to attend 
the technical sessions scheduled for the 
A.S.T.M. annual meeting. 

The tentative program of the annual meeting 
of the A.S.M.E. Applied Mechanics Division 
appeared on page 495 of the May issue of 
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A.LE.E. Summer Conven- 
tion June 24 to 28, 1946, 
Detroit, Mich. 


HE 1946 Summer Convention of the 

American Institute of Electrical Engineers 
will be held at Hotel Statler, Detroit, Mich., 
June 24 to 28, 1946. 

Technical sessions will cover the following 
subjects: electric welding, safety, power 
transmissions and distribution, automatic 
stations, servomechanisms, instruments and 
measurements, electronic tubes, electronic ap- 
plications, industrial control, transportation, 
power generation, basic science communica- 
tions, industrial power protective devices, 
electrical machinery, and air transportation. 

Several inspection trips to local industrial 
plants are planned. 
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Engineering Societies 


Personnel Service, Inc. 


These items are from information furnished by the Engineering Societies 
Personnel Service, Inc., which is under the joint management of the national 
societies of Civil, Electrical, Mechanical, and Mining and Metallurgical Engi- 


neers. 
nonprofit basis. 


This Service is available to members and is operated on a co-operative, 
In applying for positions advertised by the Service, the ap- 


plicant agrees, if actually placed in a position through the Service as a result of 
an advertisement, to pay a placement fee in accordance with the rates as listed 


by the Service. 


efficient nonprofit personnel service and are available upon request. 
abplies to registrants whose notices are placed in these columns. 


should be addressed to the key numbers 


These rates have been established in order to maintain an 


This also 
All replies 
indicated and mailed to the New York 


office. When making application for a position include six cents in stamps for 

forwarding application to the employer and for returning when necessary. 

A weekly bulletin of engineering positions open is available to members of the 

co-operating societies at a subscription of $3 per quarter or $10 per annum, 
payable in advance. 


New York 
8 West 40th St. 


Chicago . 
212 West Wacker Drive 


MEN AVAILABLE! 


GrapuaTe MecuHanicaL ENGINEER, 29, mar- 
ried. Canadian degree; 18 months designing 
and processing; Captain, Army technical 
staff; mechanical-electrical control-equipment 
specialization. Prefers latter work anywhere. 
Good sales personality. Me-48 

GrapbvuaTE MECHANICAL ENGINEER, 27, mar- 
ried, no children. Two years’ general engi- 
neering experience; also two years in domestic 
refrigeration, design, test, processing and pro- 
duction. Supervisory experience. East pre- 
ferred. Me-49. 

APPLICATION AND Saves ENGINEER, graduate 
mechanical engineer; age 35. Broad back- 
ground experience industrial production; proc- 
ess and methods development; product de- 
sign. Administrative ability. Desires con- 
nection with opportunity in South. Me-50. 

Grapvuate Encinegr, mechanical, 25, single, 
recently discharged from Marines. One and a 
half years’ experience on machine-shop prac- 
tice. Desires position as sales engineer. Will 
locate where opportunity is best. Me-51. 

Executive Encineer, married, age 41, 
B.S.M.E.; twenty years’ diversified expert- 
ence, 12 in design, development, and production 
of precision electromechanical machines, con- 
trols, instruments; shop, tooling; cost-con- 
scious; best of references. Me-52. 

MEcHANICAL ENGINEER, graduate, 26, mar- 
ried. Six years’ experience marine power 
plants including design and layout, construc- 
tion, testing. Desires position as develop- 
ment, design, production, or maintenance en- 
gineer in power or process work. Me-54. 

Power SuPpERINTENDENT, age 43. Now em- 
ployed. Mechanical engineer. Registered 
Professional Engineer. Twenty years’ ex- 
perience in operation of high-pressure indus- 
trial power plants. Desires similar position in 
east or Midwest. Me-55. 

MEcHANICAL ENGINEER, 31, married, chil- 
dren. Nine years’ diversified experience traffic 
engineering, mechanical design, materials test- 


1 All men listed hold some form of A.S.M.E. 
membership. 








San Francisco 
57 Post Stree 


Detroit 
109 Farnsworth Ave. 


ing, radio, marine piping, and propulsion. 
Desires permanent position (test and develop- 
ment or consultant's assistant) with future 
Location, near Washington, D.C. Me-56 

MeEcHanicaL Enornerr, Graduate ot General 
Motors Institute of Technology, Flint, Michi- 
gan; Canadian. Three years’ wage-incentive 
installation for consulting-engineering firm; 
thirteen years’ varied administrative experi- 
ence as plant superintendent and plant engi- 
neer. Building-construction experience. Me- 
eos 

MECHANICAL AND Etectricat ENGINEER, 
M.S. degree; 18 years’ experience in all phase 
of industrial power, also general constructior 
and maintenance. Prefer 
west. Would consider foreign 
Me-58. 

Grapuate Macuanicat ENGiINggER, Nava 
lieutenant, chief engineer on destroyer, 
terminal leave and desirous of engineering con- 
nection, in Detroit area, that will lead t 
engineering and manufacturers’ representative 
Me-59. 

Cuigr Enoinger, graduate chemical, me 
chanical engineer. Twenty years’ experience 
pharmaceutical, dyestuffs, films, oil refineries, 
plastic, rubber, wood composition, chemical 
installation, apparatus, equipment, plant lay- 
out, Operation, management, and charge of 
engineering staff. Me-60. 


South or South 
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POSITIONS AVAILABLE 


AssociaTeD Director or Personnaz, college 
graduate, preferably with specific training or 
experience in personnel work, to counsel and 
place students under work-and-study pro- 
gram. Must travel a little, expenses paid, for 
purpose of arranging jobs for students and 
visiting them on the jobs. $2500-$3000 a year 
with five weeks’ vacation. Write stating per- 
sonal and experience data, snapshot, and refer- 
ences. Position starts August 1, 1946. Ohio. 
W-6979. 

INDUSTRIAL ENGINEER, with considerable 
experience in wage-incentive work. Will be in 
charge of system already installed in heavy- 
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machine shop. $5000-$6000 year. Connecti- 
cut. W-6988. 

Cuier Estimator to head group of men 
making detailed cost estimates on machined 
parts, fabricated metal parts, and wired as- 
semblies. Should be qualified expert in ma- 
chine-shop, foundry, and fabricated-sheet- 
metal practice and preferably with some ex- 
perience in radio or electrical assembly. 
$4500-$5500 year. Massachusetts. W-6998. 

GENERAL SUPERINTENDENT, 38-45, prefer- 
ably with ball or roller-bearing manufacturing 
experience Should have experience with 
union labor-management relations. Will have 
general supervision of two ball-bearing plants. 
Pennsylvania. W-7001 

INpustRIAL ENG1nggr, mechanical graduate, 
Canadian citizen, with at least five years’ ex- 
perience in methods engineering on manufac- 
turing and materials-handling operations. 
Must be able to sell his ideas and suggestions 
to line operating personnel. British Columbia. 
W-7008. 

Assoc1aTE Prorgssor to take charge of an 
aeronautical option in mechanical engineering, 
graduate either aeronautical or mechanical 
with M.S. in aeronautics. Some teaching and 
industrial or military experience and training 
in aeronautics required. Permanent. $3000 
$3200 for nine months. Position starts Septem- 
ber, 1946. North Dakota. W-7010. 

Devetopment Enoineer, mechanical grad- 
uate, with several years’ experience in de- 
veloping and designing machinery for han- 
| 


ping af 
lling glass and tin containers in food and 


we 


beverage-filling lines. Should be capable of 
directing the work of designers and mechanics. 
Connecticut. W-7024. 

Mecuanicat Enoineer with copper-smelt- 
ing design experience, to design and lay out 
equipment on mining project. Three year con- 
tract. $4800-$6000 year. Chile. W-7025. 

Purcuasinec ENGINEER with § to 10 years’ ex- 
port experience in construction equipment, ma- 
chine-tool and industrial fields, to handle 
South American inquiries. $5000 year plus 
bonus. New York, N. Y. W-7040. 

ENGINEERS a) Mechanical engineers with 
thorough mechanical, production-engineering 
ickgrounds, preferably with some industrial 
anufacturing company. Must be capable of 
acting as project engineers. (6) Paper and 
fiberboard engineer, similar background to 
above, except having paper or fiberboard 
nanufacturing experience. Salary to $5400 
vear. (c) Industrial engineer with shop- 
actice experience for large machine and en- 
zineering shops organization. Responsible for 
naintenance work and construction of new 
pieces of tools and machines; must have ex- 
perience along these lines. Salary to $4800 
vear. Pennsylvania. W-7043. 

Mecuanicat Enotnegrs, 30-40, preferably 
graduates, familiar with machine tools and in- 
| equipment from angle of cost and 


pe. 


Justria 
physical condition, to do inventory and ap- 
praisal work. Considerable traveling. $4000- 
$5500 year. Headquarters, New York, N. Y. 
W-7053. 

Cuairman for engineering programs, 30-45, 
including mechanical, electrical, and metallur- 
Bical engineering. Will teach one or two 
evenings a week. Should be capable of in- 
structing one or more of following: advanced 
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mathematics, physics, mechanics, strength of 
materials, mechanical processes, or other 
mechanical-engineering subjects. Will be re- 
quired to assist in development of work-study 
programs with co-operating companies. 
$3600-$4000 year with four weeks’ vacation. 
Connecticut. W-7059. 

AssIsTANT SUPERINTENDENT [tO supervise 
group of departments doing machine and as- 
sembly operations on small iron and brass cast- 
ings, die castings, brass forgings, and metal 
stamping. Must be good all-round mechanic 
having had responsibility for organizing, su- 
pervising, and training of operators on diversi- 
fied items, from raw materials through final 
assembly. Must know and administer piece- 
work and group incentive plans, costs, bud- 
gets, and pay rolls, etc. Connecticut. W-7069. 

MAINTENANCE ENGINEER with some engi- 
neering experience and ability, and capable if 
Necessity arose, to redesign or re-engineer 
printing machinery to meet needs. Will be 
head of engineering and maintenance depart- 
ments with machinists, electricians, etc., 
under his supervision. $6500-$7000 year. Up- 
state New York. W-7080. 

SUPERINTENDENT, 25-35, for rock wool 
plant—producing bats, blankets, and pellets. 
Experience as superintendent, assistant super- 
intendent, or foreman necessary. Will be in 
charge of production, maintenance as well as 
some construction. $4800 year. Georgia. 
W-7090. 

KitcHEN-EquipMENT ENGINEER with ex- 
perience in this type of work, for equipment 
layout and planning for large hotels and public 
institutions. $7800 year. Headquarters, 
Florida. W-7098. 

Executive, 40-50, engineering graduate, 
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with broad experience in air conditioning, air- 
duct systems and equipment, to act as vice- 
president and general manager for a manufac- 
turer of special textile equipment. $10,000 a 
year plus bonus. South. W-7099. 

Furnace ENGINEER, with several years’ ex- 

perience designing commercial glass-melting 
furnaces, preferably in glass-container fields. 
Must have thorough knowledge of fuels, com- 
bustion, heat radiation, conduction, refrac- 
tories, and insulation. Fully capable of direct- 
ing work of others. Would also be interested 
in experienced designer of steel furnaces. Con- 
necticut. W-7110. 
Enoinegers. (4) Master mechanic with 
thorough knowledge of all phases of tooling 
and able to assume complete responsibility for 
the efficient operation of the following: tool 
shop, tool design, plant layout and equip- 
ment, operation sheet writing, time study, and 
plant maintenance. $8000-$10,000 a year. 
(6) Industrial engineer, mechanical graduate, 
with 10 to 15 years’ experience in production 
control, time study, cost accounting, wage in- 
centives, planning and budgets for metal- 
products plant, to co-ordinate production con- 
trol, planning, standards, methods and make 
analyses, forecasts, and reports recommending 
more efficient operations. $10,000-$12,000 
year. Write stating full information regarding 
education, experience, and salary expected; 
give references. Location, New York metro- 
politan area. W-7149. 

Matuemartician, Ph.D. degree desired, with 
advanced course work in theoretical and 
applied aerodynamics and preferably some ex- 
perience in mathematical work connected with 
aerodynamic or power-plant research. Salary 
open. Southern New Jersey. W-7154. 








Candidates for Membership and Transfer 
in the A.S.M.E. 





HE application of each of the candidates 

listed below is to be voted on after June 
25, 1946, provided no objection thereto is 
made before that date, and provided satisfac- 
tory replies have been received from the re- 
quired number of references. Any member 
who has either comments of objections should 
write to the secretary of The American Society 
of Mechanical Engineers immediately. 


KEY TO ABBREVIATIONS 


Re = Re-election; Re = Reinstatement; Rt & 
T = Reinstatement and Transfer to Member. 


NEW APPLICATIONS 


For Fellow, Member, Associate, or Junior 
Assotz, Toomas A., LaGrange, IIl. 
Apams, Rosert B., Milwaukee, Wis. 
Atvarez, Micugt, Los Andos, Chile 
BaraNnowsk1, C., Sunnyvale, Calif. 
Bartiett, H. G., New Orleans, La. 
Borrigs, Freperick F., Cincinnati, Ohio 
Boyer, Rapa A., Greensburg, Pa. 
Brewer, Given A., Laguna Beach, Calif. 
Briacs, Harry P., Oaklyn, N. J. 


Bupp, Epwarp G., Philadelphia, Pa. (Rr) 

Burns, Heratp A., Binghamton, N. Y. (Re & 
T) 

Cancitta, Natace (Lieut. Cor.), Pittsfield, 
Mass. 

Car.son, W. A., Shaker Heights, Ohio 

Carr, Witt1aM, Cambridge. Mass. 

Cerruti, Cartos, Vina del Mar, Chile 

Cuan, U. Kin, Bronxville, N. Y. 

Cuano, Tuomas T. C., St. Paul, Minn. 

Cuopra, M. L., Rawalpindi, India 

Criamons, Eric H., St. Paul, Minn. 

CutrrorD, Lestiz Forses, Chicago, Ill. 

Coss, D. W., Wilmington, Del. (Rt & T) 

Coxe, Davin H., Urbana, IIl. 

Corpts, Bernuarp F., Jamaica, N. Y. 

Cox, A. Asuton, New South Wales, Australia 

Croyie, Harry A., New York, N. Y. 

Curry, Joun C., Alloy, W. Va. 

De Satarp1, Ausert B., Pittsburgh, Pa. 

Dune, Ratpu E., Cincinnati, Ohio (Rt & T) 

Ertanp, H.'B., Memphis, Tenn. 

EnGetuart, Georce K., Catasauqua, Pa. 

Evans, Donatp E., Seattle, Wash. 

FLEMING, Stuart R., New York, N. Y. 
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Forp, Wattgr Goopskt, Jeannette, Pa. 

Frances, Joszpx, Blue Island, Ill. 

Geiss, Cuarugs J., Plainfield, N. J. 

Grssoney, James L., Indianapolis, Ind. 

Gutman, Stantey F., Portland, Me. 

Gitpin, Cuarzss A., Grand Forks, N. D. 

Goxpstzin, Manus, Bogota, Colombia 

Hampay, G. B., Isabella, Tenn. 

Hammer, E. Watrer, Jr., Philadelphia, Pa. 

HarpenserGu, Donan E., State College, Pa. 

Hartman, Crarence O., Port Clinton, Pa. 
(Re & T) 

Hartman, Davin M., Rosiclare, Ill. 

Henperson, Wayne G., Hartford, Conn. 

Hennecxsg, Hans H., Saginaw, Mich. 

Hester, Devpgert P., Kansas City, Mo. 

Hester, Haroxp P., Kansas City, Mo. 

Herenyt1, Mixtos, Evanston, Ill. 

Hicarns, Don N., Jx., New York, N. Y. 

Hussarp, Rosert M., Dalton, Pa. 

Humparey, Neat V., Cape Elizabeth, Me. 
(Rr) 

Ingson, W. G., Blacksburg, Va. 

Ives, ANDREW M., Western Springs, I'l. 

Jacosus, Dare P., St Johnsbury, Ve. (Re & T) 

Keenan, Jacx A., Pasadena, Calif. 

Kent, THomas B., Minneapolis, Minn. 

Kure, Dantet O., Oak Ridge, Tenn. 

Larrgrty, Epwin F., North Bergen, N. J. 

Lzopotp, W., Jr., Paterson, N. J. 

Lewis, Cyrit E., Allentown, Pa. (Rte & T) 

Lirson, Harry Cuarces, Highland Park, Mich. 

Lowe, Forrest A., Jr., Portland, Ore. 

Lowry, Epmunp G., Seattle, Wash. (Re & T) 

Ma tx1n, B., Lachine, Quebec, Can. 

Maxert, W. L., Atlanta, Ga. 

Marsu, Sipney C., Ho-Ho-Kus, N. J. 

MartTIn, JonN Srepugns, San Francisco, Calif. 

Marvin, Ricuarp H., Philadelphia, Pa. 

McCiamoy, Herpert, Jr., Jacksonville, Fla. 

McDowatt, J. L., London, England 

McEacnron, Karz B., Jr., Pittsfield, Mass. 

McFaranp, J. T., Kirkwood, Mo. 

McKzown, Harry, Spartanburg, S. C. (Re) 

Mexser, Wit11aM Epwarp, Jr., Silver Spring, 
Md. 

Mirrer, Raymonp (Lieut.), Newark, N. J. 

Mownrosg, Ermer S., Jr., Blacksburg, Va. (Rr) 

Morais, Cuartss H., Jersey City, N. J. 

Mors, Gzoroe L., Los Gatos, Calif. 

Mutter, H. L., Dobbs Ferry, N. Y. 

Murpuy, Suirzey J., Bridgeport, Conn. 

Owens, Rapu G., Chicago, Il. 

Pere, Ropert J., Irvington, N. J. 

Peterson, Witu1aM R., Lowell, Ind. (Rte & T) 

Pra, Corres, Rosario, Argentina 

Popo.sxe, T. A., St. Paul, Minn. (Re & T) 

Potianp, Stanger, Los Angeles, Calif. (Re & 
T) 

Porter, Ratpa E., Jersey City, N. J. 

Pucrorp, Rosert H., Duluth, Minn. 

Quacxensos, H. M., Jr., Newark, N. J. 

Ransom, Crarx W., Pittsfield, Mass. 

Ranz, Franx S., Blue Ash, Ohio 

Repmonp, Vincent G., Potsdam, N. Y. 

Reicu, Roszrt A., Jr., Berea, Ohio 

Remet, Stewart E. (Bric. Gen.), Brooklyn, 
N. Y. 

Sr. Joun, Lztcn E., Binghamton, N. Y. (Rte & 


Scuwartz, Wittiam, New York, N. Y. 
Saivoper, Cuartes A., Jr., Baltimore, Md. 
Sitva, F., Guadalajara, Jal., Mexico 
Sxewis, W. H., Chicago, III. 


Smart, Otor L., Gary, Ind. 

Snyper, Frepericx D., Boston, Mass. 

Stanger, Rossrt LeRoy, Schenectady, N. Y. 

Sretxas, Jack G., New York, N. Y. 

Surt.e, Joun F. (Carr.), Birmingham, Ala. 

Swanson, Harotp N., Elmhurst, Ill. 

Sway, Watrsr S. Y., Se. Paul, Minn. 

SzyMansk1, Wattsr C., Omaha, Nebr. 

Tacx, Cart E., Chicago, Ill. 

Tao, Dino Lat, St. Paul, Minn. 

Tuomas, Ears, Chattanooga, Tenn. 

Touersen, R., Rochester, N. Y. 

Tomo a, Urno V., Brooklyn, N. Y. 

TRavuTWEIN, Etmer E., Jeannette, Pa. (Re) 

Versa, Micwagt, Jr., Gary, Ind. 

Vogvpet, Wirt1aM F., Peoria, III. 

Waker, Kennera James, Temple Ciry, Calif. 

Wana, Arsgrt Wan C., St. Paul, Minn. 

Wauau, Joun D., Baltimore, Md. 

Wescott, Ropert Hares (Compr )., New York, 
N. Y. 

West, Ropsrt F. (Lrsut.), New York, N. Y. 

Wituias, A. N., Pittshurgh, Pa. 

Wits, J., Trinidad, B.W.I. 

Wutson, Norman A.ian, Worcester, Mass. 

Wirts, Ravpx C., Rutherford, N. J. 

Wo tner, Paut, West New York, N. J. 

Woop, Witt1am Grover, Kingsport, Tenn. 

Wo, Lawrence K. C., Se. Paul, Minn. 

Yampovosky, Jacx, Brooklyn, N. Y. (Re) 


CHANGE IN GRADING 


Transfers to Fellow 

ALLEN, O.iver Fietp, New York, N. Y. 
Graves, BenjaMIn P., Providence, R. I. 
Smita, Ep S., Teterboro, N. J. 


Transfers to Member 

Auten, WittiaM G., Bethesda, Md. 

Cuinn, Gzoros I., Baltimore, Md. 

Crarx, Wittiam S., Washington, D. C. 

Deemer, Kennetu C., New York, N. Y. 

Erickson, Harry A., Chicago, Ill. 

Ferrari, Franx A., Rochester, N. Y. 

Fow er, E. L., Queens, N. Y. 

Horan, Joun J., Washington, D. C. 

Kwort, Maurice J., Pawtucket, R. I. 

Krusg, Lowett F., New York, N. Y. 

Post, Nicnoxas, Dayton, Ohio 

Ramirez, S. Joun, Revere, Mass. 

Rgaser, Witsur Witson, Pacific Palisades, 
Calif. 

Renton, Vinat S., Plainfield, N. J. 

SHEEHAN, THomas H., Detroit, Mich. 

Smita, Morris S., Richmond, Va. 

Way, Srewart, East Pittsburgh, Pa. 


Transfers from Student Member to Junior 








Necrology 





T is urged that the Society be notified 

promptly of the deaths of members and 
that the date of death be given for announce- 
ment in MgcHaNnicat ENGINEERING. Complete 
memorial biographies are published in the 
Society Records (Section Two of Transac- 
tions), and relatives, business associates, and 
Society officers and members are requested to 
send newspaper clippings or information in 
any other form which will be useful in the 
preparation of such biographies. A special 
biographical data sheet for supplying com- 


MECHANICAL ENGINEERING 


plete details will be furnished by the head- 
quarters office upon request. 


Dickerman, Witu1aM C., April 25, 1946 
Fraser, Norman D., April 8, 1946 
Kerr, Howarp J., April 24, 1946 
Puixuips, Horace P., February 14, 1946 
Prace, Crype R., March 28, 1946 
WEINSHANK, THEoporB, March 21, 1946 
Wituias, James, March 18, 1946 





A.S.M.E. Transactions 
for May, 1946 





HE May, 1946, issue of the Transactions 
of the A.S.M.E. contains: 


Failure of Ductile Metals in Tension, by G 
Sachs and J. D. Lubahn 

The Necking of Tensile-Test Specimens, by 
J. D. Lubahn 

Instability of Thin-Walled Tubes Subjected to 
Internal Pressure, by G. Espey 

Distortion Due to Contour-Forming of Extru- 
sions and Preformed Sheet-Meral Sections, 
by William Schroeder 

Design Considerations for Welded Machinery 
Parts, by G. L. Snyder 

Stress-Rupture Characteristics of Various Steels 
in Steam at 1200 F, by J. T. Agnew, G. A. 
Hawkins, and H. L. Solberg 

Effect of Molding Pressure and Resin on Re- 
sults of Short-Time Tests and Fatigue Tests 
of Compreg, by W. N. Findley, W. J. Wor- 
ley, and C. D. Kacalieff 

Glue-Line Stresses in Laminated Wood, by 
A. G. H. Dietz, Henry Grinsfelder, and Eric 
Reissner 

Tests of Oil-Film Journal Bearings for Railroad 
Cars, by S. J. Needs 

Dimethyl-Silicone-Polymer Fluids and Their 
Performance Characteristics in Unilaterally 
Loaded Journal Bearings, by J. E. Brophy, 
R. O. Militz, and W. A. Zisman 

Dimethyl-Silicone-Polymer Fluids and Their 
Performance Characteristics in Hydraulic 
Systems, by V. G. Fitzsimmons, D. L 
Pickett, R. O. Militz, and W. A. Zisman 

Rotary-Pump Theory, by W. E. Wilson 

Air-Gas Ratio Control Applied to Nonatmos- 
pheric-Pressure Furnaces, by H.C. McRae 

The Elbow Combustion Chamber, by M. A 
Mayers and W. W. Carter 

A Comparison of Operation of Forced- and 
Natural-Circulation Boilers, by G. F. Ross 
and Leonard Wilkins 

Operating History and Performance of 2000-Psi 
Forced-Circulation Boiler at Somerset Sta- 
tion of Montaup Electric Company, by G. 
U. Parks, W. S. Patterson, and W. F. Ryan 

Special Studies of the Feedwater-Steam System 
of the 2000-Psi Boiler at Somerset Station of 
Montaup Electric Company, by W. D. Bis- 
sell, B. J. Cross, and H. E. White 

Water Conditioning for the 2000-Psi Boiler at 
the Somerset Station of Montaup Electric 
Company, by W. W. Cerna and R.-K. Scott 

Experience With Instruments and Control 
Equipment for 2000-Psi Boiler at Somerset 
Station of Montaup Electric Company, by 
W. B. Bissell and E. B. Powell 


A.S.M.E. News 





